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For the benefit of those members of the Associa- 
tion and friends of entomology who were not for- 
tunate enough to hear the Fiftieth Anniversary 
greetings from Dr. Howard, transmitted by long- 
distance telephone, Dr. F. L. Campbell made ar- 
rangements to have the greetings recorded on a 
phonograph record. This record is now at Ohio State 
University and it is hoped that opportunity may be 
presented for present and future entomologists to 


hear the voice of the well-loved Chief of American 
Entomologists. 

In order that all may know the content of this 
message, couched in the informal language of a 
friend among friends, a transcription has been se- 
cured and is here reproduced. The thanks of the 
\ssociation are due Dr. Howard for his permission 
to print the message. 


Dr. Howard's Anniversary Greeting to the 


Entomologists 


GiREETINGS TO EVERYONE PRESENT! I 
am very sorry that I eannot be with you, 
but I wish to send my special greetings to 
Professor Walker and Professor Mickel, 
President and Secretary of the Entomolog- 
ical Society of America, and also to Mr. 
Sasscer and Professor Cory, the President 
and Secretary of the Association of Eco- 
nomic Entomologists. Speaking of Mickel 
reminds me; Professor Mickel I wish to 
say a word to you personally. When you 
go back to Minneapolis, will you please 
give my warm sympathy to Mrs. Royal 
N. Chapman who has just suffered such 
a severe and unfortunate loss of her in 
telligent husband? He was too young to 
die. Tell her L sympathize with her 
deeply. He ought to have lived for many 
vear to come. 

Now I also send my special regards to 
the Chairman of your meeting, Professor 
Osborn. Osborn is a man for whom I have 
the greatest respect. I have it for many 
reasons. One is because he’s older than I 
am. | have the respect due to old age 
then. You see he is 83 and I am only 82. 
Then, Osborn has a number of other ad- 
vantages over me. For instance, he has a 
full head of hair, and [ have no hair at all. 
He has a perfectly functional pair of legs, 
while my legs are absolutely bum. But 
then, all that is overcome by the fact that 
I’ve got it over him by being a founder 





of America 


of the Association of Economic Entomolo- 
gists; he is only an original member. 

Oh I wish I could be with you there 
and tell you all about it. I wish I could 
hear Avinoff’s lecture tomorrow evening. 
I wish I could be at the dinner and hear 
Sasscer tell stories about the experiences 
of some of the officials of his service. 
They are so humorous, and Sasscer has a 
keen sense of humor. However, when you 
go back home, if you will get out the 
seventh volume of Insect Life, you will 
find my annual address as President of 
the Association of Economic Entomolo- 
gists for 1894. The meetings were held in 
one of the small lecture rooms of the old 
Packer Institute in Brooklyn, New York 
and I think there were 17 members pres- 
ent and about 17 guests. Compare that 
with the size of the meeting you are hold- 
ing today, for example. In all events, if 
you will read that address, (you needn’t 
read it all) just read the opening para- 
graph giving an account of the general 
meeting and the final paragraph giving 
my own ideas about the future of eco- 
nomic entomology. And that will say all 
that I would have said if I could be there 
with you today. And so now [Il say good- 
bye, goodbye! 


lranscript from a phonograph record made by Dr. L. O 
Howard on March 2, 1940, reproducing as well as he could his 
remarks telephoned from Washington, D.C. to Columbus, Ohio 
and heard by the entomologists assembled at the sympositim on 
50 vears of economic entomology . Decembe r 27, 1939, 








BOOK REVIEWS 


The Bionomics of Entomophagous Insects, Part 
II, by Walter Valentine Balduf, Planograph, 
Pages 1-384, John S. Swift Co., Inc., St. Louis 

New York—Cincinnati, 1939. 


This volume is a part of an amibitious project to 
bring into one series a digest of world knowledge in 
relation to the bionomics of entomophagous insects. 
The first volume, a work of 220 pages and issued in 
1935, deals with the Coleoptera and the present one 
with the Lepidoptera, Trichoptera, Mecoptera and 
the Neuroptera. 

Entomophagous insects are known to practically 
all entomologists. They are noticed mostly in an in- 
cidental way in a large proportion of the accounts of 
economic insects and as a consequence the literature 
is widely scattered and largely unavailable except to 
those who have unusual library facilities and the 
time, personal or through assistants, to follow this 
most interesting, and in some respects at least, eco- 
nomically important study. There is no question, for 
example, that many entomophagous insects are im- 
portant checks either upon pests or potential pests 
This digest may result in important developments in 
the control of insect pests of the future. Part I on 
Coleoptera, for example, has uncovered a field only 
dimly vizualized by most entomologists or biologists 
and the same is true of Part II with its discussion of 
four relatively important orders. 

For the Lepidoptera there is a table listing a large 
number of cannibalistic caterpillars, another listing 
absolute predators, another of entomophagous para- 
sites. The Lycaenidae, comprising the coppers, 
blues, and hairstreaks, are discussed in considerable 
detail, especially the relation of their larvae to ants 
There is also a tabulation of the larval food and an 
extended list of the Myrmecophilous larvae. This is 
a key toone of the most interesting chapters in insect 
life. The author in his Part III on Lepidoptera dis- 
cusses the rise of Entomophagy, dividing the various 
groups into Homopterophagous, Myrmecophagous, 
Homoptero-excretophagous, Excretophagous, Phyto- 
myrmecophagous, Homoptero-myrmecophagous, and 
miscellaneous Entomophoga. 

The treatment of the Trichoptera or Cadis flies is 
along similarly comprehensive lines and is especially 
interesting since it summarizes our knowledge in 
relation to a large, imperfectly known group and yet 
an extremely interesting one in its various bionomi- 
cal phases. This, likewise, is a key to an extensive 
and scattered literature. The author gives an ex- 
tended table of the food of Trichoptera larvae and 
there are numerous illustrations of the peculiar 
larval and pupal cases. 

The remarkable Mecoptera, best known through 
the Scorpion flies, is covered in an equally compre- 
hensive manner. It is a group rarely noticed except 
by students of biology or ecology. 

The same general statements apply to the account 
of the Neuroptera, another group of more interest 
to the general biologist than to the average entomol- 
ogist and yet extremely interesting because of its 
mostly aquatic habits and peculiar forms. The scope 
of the work is suggested by a tabulation of the food 
of Hemerobiid larvae, a table of the food of Hemero- 
hius pacificus over a period of eight days, one of the 
cycles of Hemerobiidae, another of the food of 
Chrysopid larvae, one of the life cycles of Chrys- 
opidae, an extended one of the life cycle of Chrysopa 
carnea, and one of the enemies of Chrysopidae. 
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There are extensive bibliographies for the various 
groups and an admirable series of illustrations, 
many of them redrawn from the original publication 
by the author's wife and Miss Katherine Sommer- 
man 

Entomologists, biologists, zoologists, and those in- 
terested in teaching by class or through public 
prints, will find in this volume a ready guide of 
world-wide scope to those phases of entomophagous 
insect activities in which they may be specially in- 
terested. The author has rendered a material service 
in the summation of this widely scattered literature 
and thereby laid a basis for more comprehensive 
studies of these diverse and in many cases really 
important insects. . 


E. P. Fett. 


Fleas of Eastern United States, by Irving Fox. 
lowa State College Press, Ames, Iowa. Febru- 
ary, 1940. vii & 191 pp., 33 plates, containing 
166 figs. Cloth bound, price $3.00 postpaid. 


Students of fleas will find this a most useful book. 
It incorporates the many changes in generic division, 
species placements and family LroOUpInNgS W hich have 
been scattered through the literature since the last 
published summaries, that of Baker (1904) and the 
less complete one of Carroll Fox (1925). Fifty-five 
species are treated; keys are given, followed by liter- 
ature summaries, descriptions, distribution and host 
data, and illustrations of pertinent characters for 
each species. Genitalia offer the best diagnostic char- 
acters and are well illustrated. Very useful also are 
the synonymic and host indices given on pages 111 
and 114, and the book index and bibliography. 

The author has made considerable effort to make 
this book usable to the bevinning student of fleas, 
by helpful introductory matter on technique, termi- 
nology and morphology, ‘and by lavish il!ustration of 
diagnostic parts The student must realize, however, 
that only carefully cleared and well mounted speci- 
mens will show many of these differences. As in al- 
most all other insect groups, there are places in flea 
taxonomy where difficult characters are the only 
ones availabie, and this is not the fault of the author 
Here the student will find consultation of a specialist 
or reference collection a great help. It should also be 
bern in mind that additional species may be found in 
the eastern United States at any time 

While this book has a great deal to commend it, 
the author could have improved the following 
points: 

1. In attempting to make some keys phylogenetic, 
the author has sacrificed clarity of identification 
This is exemplified by the key to suborders, based on 
the “fractured head” character; between the two 
extremes of this character transitional forms occur 
with which a novice is reduced to guesswork. It is 
unfortunate that realize 
that identification keys and phylogeny seldom mix 
satisfactorily. 

2. Since the males of Atyphlocer 
are known, some provision should be made for them 
in the generic key. 

3. The illustrations would be 
mentioned directly in the keys and easier to compare 
if all drawings of the same part faced the same way. 

2-29-40 

H. H. Ross, 
Urbana, Illinois. 
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CURRENT NOTES 


E. Graywoop Smytu ESTABLISHES 
LABORATORY IN CALIFORNIA 


Mr. E. Graywood Smyth, for nine years entomolo- 
gist for the W. R. Grace Sugar Estates in Peru, has 
recently established his residence at Glen Ellen, 
California. His country home “The Perch,” newly 
completed, on his Hillerest Woods estate in the 
“Valley of the Moon,” and his laboratory, are situ- 
ated on a broad terrace overlooking Sonoma Moun- 
tain and the Jack London Ranch 

There will be deposited his private collection of 
more than 90,000 specimens, mostly beetles. This is 
to be accessible to visiting entomologists and collec- 
tors through the courtesy of Mr. Smyth.—-1-28-40. 


Tue CuarLes RoBpertson COLLECTION 
TO BE AT URBANA 


The Charles Robertson collection of insects, one 
of the largest private collections in the state of Ili- 
nois, has recently been purchased by the Illinois 
State Natural History Survey, according to a state- 
ment made by Dr. T. H. Frison, Chief of the Survey. 

Charles Robertson, now deceased, was for many 
years professor of Botany at Blackburn College, 
Carlinville, Hlinois. He was a careful and able col- 
lector and preparator of insects and assembled his 
collection during a period of more than thirty years. 
Since the collection was the result, largely, of Pro- 
fessor Robertson's interest in the inter-relationships 
between insects and flowers it contains a large pro- 
portion of bees and wasps Most of the material was 
local, collected in the Carlinville region It comprises 
more than 50,000 pinned insects of which some 
20,000 are bees and wasps Included are some 200 
type specimens 

The acquisition of this collection must be of great 
interest to entomologists and should be particularly 
valuable for the study of the bees and wasps of IIli- 
nois and the whole central states region. 

The collection will be housed in the new Natural 
Resources Building when that structure is com- 
pleted 2-20-40 


James Trooe Honorep at PurRDUE 


The Annual Dinner of the Thomas Say Entomo- 
logical Society of Purdue University was held in 
honor of and on the date of Professor James Troop’s 
87th birthday, March 14. Professor Troop came to 
Purdue in 1884, ten years after receiving his master’s 
degree at Michigan Agricultural College. For 28 
years (1884-1912) he was head of the Department of 
Horticulture and Entomology, and for eight years 

1912-1920) head of the Department of Entomol- 
oxy. Professor Troop was the first State Entomolo- 
gist of Indiana, which office he held, in addition to 
his duties with Purdue University, from 1899 until 
1907. 

John J. Favinger, President of the Thomas Say 
Entomological Society, presided at the dinner and 
brief talks were made by Dean Fisher on “Troop as 
a Teacher,” Prof. L. Greene on ‘Troop as a Horti- 
culturist,”” and Prof. J. J. Davis on “Troop as an 
Entomologist.”’ 


Hovron Aprointep To THE BuREAt 


Mr. J. C. Holton who, for the past twelve years 
has been Commissioner of Agriculture for the State 





of Mississippi has been appointed to the Bureau of 
Entomology and Plant Quarantine with headquar- 
ters at Denver. 

Mr. Holton will be in charge of cooperative field 
activities of the bureau and will be especially con- 
cerned with those cooperative operations which in- 
volve the State Departments of Agriculture. 


Rocky Mountain CONFERENCE OF 
ENTOMOLOGISTS 


Notices have been sent out announcing the six- 
teenth annual Rocky Mountain Conference of 
Entomologists, to be held at the Cameron Pass 
camp, a rebuilt CCC camp about 74 miles west of 
Fort Collins, Colorado, August 18 to 23, 1940. 

This camp is beautifully located near the top of 
the range where high altitude insect collecting is 
especially good. Accommodations will be such that 
all members of the family can enjoy an outing. 

The principle topic for symposium discussion is 
“Insect taxonomy, its fundamental principles, 
methods and relations to other branches of biological 
science.” 

Any one desiring additional information should 
write the chairman, Dr. R. H. Painter, Kansas 
State College, or the secretary Dr. George M. List, 
Colorado State College, Fort Collins, Colorado. 


Paciric Coast P. C. O’s Hotp Tutrp 
ANNUAL CONFERENCE 

The third annual Pacific Coast Pest Control 
Operators’ Conference was held at the University of 
California, February 22-24, Professor W. B. Herms 
again serving as director of the conference. G. A. 
Rader of Berkeley was general chairman. The three 
days were filled with worthwhile lectures and labora- 
tory demonstrations dealing with major household 
and structural pest problems which are handled by 
commercial pest control operators. A total of 141 
pest control operators, most of them from California 
registered for the conference. 


GEORGIA ENTOMOLOGICAL SOCIETY 


At the fourth annual spring meeting of the Georgia 
Entomological Society, held at Emory University, 
April 6, 1940, Mr. C. H. Alden was elected President 
Mr. Milledge Murphey, Vice-President, for the 
year 1940-41. Mr. Horace O. Lund continues as 
Secretary-Treasurer. 

During the sessions, Mr. Lund presented the re- 
port of the State Survey Committee; Mr. Murphey 
discussed the Japanese Beetle in Georgia; Mr. P. W. 
Fattig spoke of his experiences in his long career as 
a collector. Beekeeping in Georgia was discussed by 
Mr. A. B. Hamlin, and Mr. J. E. Webb discussed 
and demonstrated some of the work of the State 
Fruit Pest Parasite Laboratory at Cornelia. The 
retiring President, Dr. P. M. Gilmer, spoke on the 
responsibility of the professional entomologist in the 
development of amateur entomology in America. 


New FreLLoOwsuHiPe AT OKLAHOMA 


Continental Oil Company has established a fel- 
lowship in entomology at Oklahoma A. & M. College 
for cooperative research. Mr. H. T. Mailon, a grad- 
uate in entomology from Kansas University, has 
been appointed to the fellowship thus provided. 
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Dr Leon Visits Puerto Rico 
Mr. Donald de Leon, of the Forest Insect Di 
vision of the Bureau of Entomology and Plant 
(Quarantine is spending a period in Puerto Rico as 
a guest of the Forest Experiment Station at Rio 
Piedras. While there he is to conduct a survey of the 
forest insects of the region 


SouTHERN P. C. O.’s MrEret 


Kighty-nine pest control operators registered for 
the Second Annual Pest Control Operators’ Confer- 
ence held at Louisiana State University at Baton 


HORTICULTURAL 


On January 9-10, 1940, a conference was held in 
Denver, at which representatives of the Bureau of 
Entomology and Plant Quarantine met with State 
Directors and Commissioners of Agriculture, and 
Directors of Extension, for the purpose of reviewing 
the grasshopper and Mormon cricket work of 1939, 
and developing a broad policy-making program of 
operations for the season of 1940. Several State 
leaders in grasshopper control in 1939 were present 
as well as representatives of other interested agen- 
cies. Eighteen States were represented. While the 
meeting concerned itself largely with matters of a 
policy nature, it was arranged to hold additional 
meetings in each State having a ‘hopper or cricket 
control problem, in order to formulate memoranda 
of understanding under which control operations 
would be conducted in each State. 


As a RESULT of the Federal-State survey for the 
phony peach disease in the field season of 1939, the 
States of Indiana and Pennsylvania, as well as 24 
formerly infected counties of other States, were 
found to be eligible for removal from the regulated 
areas under the standardized State quarantines, 
which provide for such release of areas when found 
free from the disease for a period of three years. The 
State of Alabama, in conformity therewith, revised 
its quarantine on February 20, 1940, to lift the re- 
strictions from these States and counties 


A pusBtic conference to consider the advisability 
of withdrawing the Federal quarantine against the 
Japanese beetle and ending Federal cooperation 
with the States for suppression of the beetle, was 
held in Washington, February 27. It was attended 
by nurserymen and plant quarantine officials from 
some 18 States, and also by the Chief Plant Quaran- 
tine Officer of the Dominion of Canada. A great deal 
of interest was manifested in the proposed revoca 
tion of the quarantine, and with the exception of one 
speaker, all were in favor of its maintenance, and 
some indicated a desire that its enforcement be 
strengthened by additional measures and funds 


Tue California Department of Agriculture on De- 
cember 23, 1939, revoked the grape phylloxera quar- 
antines issued in 1934, pertaining to both intra-state 
and interstate movement of the host plants, the pest 
having become quite generally distributed in the 
grape producing areas of California. Ample author- 
ity is provided in the Agricultural Code, it is pointed 
out, for the requirement of destination treatment of 
vines destined to be planted in non-infested areas. 


Economic ENTOMOLOGY 
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Rouge, Louisiana, January 29-31, under the direc. 
tion of Dr. O. W. Rosewall 
represented, including Alabama, Arkansas, Georgia, 
Illinois, Indiana, Louisiana, Minnesota, Mississippi, 
Missouri, New York, Tennessee and Texas Prof. 
J.J. Davis, of Lafayette, Ind., was a visitor. 

The lectures and discussions dealt with the prin- 
cipal pest problems of the southern states, with 
which the commercial pest control operator must 
deal, and included ants, rats and mice, termites, 
powder post beetles, clothes moths, cockroaches and 
ticks, as well as fumigation problems and the chem- 
istry of insecticides. 


'wely e States were 


INSPECTION NOTES 


INFESTATIONS of the olive scale in Fresno County 
and in five cities in other California counties, are the 
subject of restrictions set forth in quarantine circu- 
lar No. 91, of January 25, 1940, issued by the Cali- 
fornia Department of Agriculture 


\ pustic hearing was held in San Juan, Puerto 
Rico, on February 14, 1940, to consider the advisa- 
bility of prohibiting or restricting the entry into that 
island of unroasted coffee beans, as well as fruits, 
plants, and leaves of the coffee plants from all foreign 
countries, owing to the existence in various countries 
of the world of the coffee berry borer, Ste phanoderes 
hampei Ferr., of which S. coffeae Hgdn. is a synonym, 
and an injurious rust, //emeleia rasatrix B. & Br., as 
well as other injurious insects and plant diseases 
This hearing was called by the Secretary of Agricul- 
ture under the provisions of the Plant Quarantine 
Act. 


UNpeR a revision of regulation 2 of the Federal 
quarantine relating to fruits and vegetables (No. 56), 
the entry of fruits and vegetables from Newfound- 
land and its mainland territory of Labrador is placed 
on the same status as those from Canada, with the 
exception of potatoes, w hich have long been and still 
are excluded entry from Newfoundland on account 
of potato wart 
February 27, 1940. 


Fhe amendment became effective 


NOTICE 


SECRETARIES and other officers of Branches, See- 
tions, Affiliated Societies and Entomological Organi- 
sociation are invited 
be of interest to the 


zations not affiliated with the A 


to send in items which may 


economic entomologists. Notices of meetings to be 
held and brief account of meetings which have been 
held are particularly (Advance 
will be inserted at as late a date in the preparation 
of a number of the JourNALas is possible but should 
be sent in early so that 


desirable notices 


interested entomologists 
may have plenty of time to arrange to attend 

\ special section, paralleling that devoted to 
Hlorticultural Inspection Vole 


notes from Branches and Sections and from other 


is to be arranged for 


organizations 

Notes reaching the editor at an early date can be 
included in the June number of the Journau. Notes 
should ordinarily be sent to the Associate Editor, 
Mr. Harry B. Weiss, at Trenton, New Jersey, but, 
when time is short, may be sent directly to the editor 
at Morgantown, West Virginia 





PROCEEDINGS OF THE ELEVENTH ANNUAL MEETING 


EASTERN BRANCH, AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 


Hotel New Yorker, New York, N. Y., 


November 16 and 17, 1939 


The meeting was called to order by the 
Chairman, Clyde C. Hamilton, who pre- 
sided until the middle of the second day, 
after which the new Chairman, W. H. 
White, conducted the closing session. The 
program contained 36 titles and in addi- 
tion there was a joint session with the 
National Pest Control Association during 
the afternoon of November 16, containing 
10 titles. There were two regular business 
sessions and at the end of the last day 
there was an additional one. An informal 
conference on the Codling Moth, pre- 
sided over by Dr. D. L. Van Dine, was 
held on the evening of the first day of the 
meeting. In the following account the pro- 
ceedings of these sessions have been com- 
bined. Over two hundred members and 
guests attended the meetings and Mr. 
E. R. Sasscer, President of the American 
Association of Economic Entomologists, 
spoke briefly of plans for making the 
forthcoming Columbus meeting successful 
and urged attendance. 

The Chairman, C. C. Hamilton, ap- 
pointed the following committees: 

Committee on Nominations: Harry F. 
Dietz, Chairman, FE. R. Sasscer, W. E. 
Blauvelt. 

Auditing Committee: L. A. 
iar Guyton 

Committee on Resolutions: C. H. Had- 
ley, Chairman, Charles E. Palm. 

Mr. H. B. Weiss, before presenting his 
Financial Statement, reported upon the 
membership from various states, which 
was holding up well, in comparison with 
previous years, and called attention to 
the good financial condition of the Branch. 
He also stated, for the record, that the 
first or 1938, award of the Eastern 
Branch for notable contribution to the 
science of economic entomology was 
made to KE. H. Siegler and Lyle D. Good- 
hue, both of the Bureau of Entomology 
and Plant Quarantine of the United 
States Department of Agriculture, for 


Stearns, 


their paper “Effect of Particle Size of 
Some Insecticides on Their Toxicity to 


the Codling Moth Larva,” 


which 


was 


published in the Journal for April, 1939. 


Report or SECRETARY-TREASURER 


FINANCIAL STATEMENT 


Balance on hand, November 21, 1938 


Rece ipts 


Additional Dues for 1938 

Receipts, Sale of Space in 
Entoma ane Sales of En- 
toma 

Dues for 1989 to November 
10, 1939 

Interest on Savings Account 


Potal Receipts 


. 


2 


134.00 


, 437.35 


78.00 
13.01 


Disbursements 


Lantern operator, Baltimore 
Clerical services 
Eastern Branch 
Entoma 
Postage 
Eastern Branch 
Entoma 
Printing 
Programs, Baltimore meet- 
ing 
Entoma . 
Other, in connection with 
intoma 
1938 Proceedings 
Cut for 1939 Program 
Stationery —Eastern Branch 
Expenses of Secretary 
Award payments (2 
Engraving of award medals 


lotal Disbursements 


7 


30.00 


20.75 
112.35 
19.82 


191.70 


20.50 
731.00 


we 


5.50 
.64 
2.93 
3.25 
9.03 
75.00 
+. 50 


ew 
~ 


Balance on hand, November 10, 1939 


Distributed as follows 


Savings Account No. 17424, 


lrenton Trust Co 
Checking Account, Tren- 
ton Trust Co 


Bills Collectible $245.25 

Ire asureT s Balance, Novem 
ber 10, 1939 

Chairman of Finance Com 
mittee’s Balance, Novem 
ber 1, 1989 


Potal 


#1 


$2, 


“ 


,020.51 


, 876.92 


897.43 


, 897.43 


39.95 


937.38 


&2 662.36 $4,440.40 


1, 542.97 
2,897.45 


Harry B. Weiss 


Secretary- Treasurer 


The following were elected to affiliated 


membership: 


Herman L. Fellton, Flushing, N. Y. 
Raimon L. Beard, New Haven, Conn. 
Samson R. Dutky, Moorestown, N. J. 


R. T. White, Moorestown, N. J. 
G. 5. Weiland, Springfield, Ohio. 
John H. Guill, Baltimore, Md. 


Fred M. Snyder, New York, N. Y. 
Chas. F. Opitz, Long Island City, N.Y. 
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Upon motion by E. N. Cory, the 
Branch approved the payment of $200.00 
yearly to the Secretary-Treasurer, begin- 
ning with the present session. 

The reports of the following commit 
tees and the report of the Secretary 
Treasurer were all adopted by the Branch. 


ReEPpoRT OF THE FINANCE COMMITTEE 
November 1. 1938 to November 1, 19.39 


The Finance Committee, or more properly speak- 
ing, the Editorial Committee for Entoma, started 
work in the fall of 1938 towards publishing the third 
edition of Entoma. The chairman was ably assisted 
by all members of the committee but most especially 
by Neely Turner who took charge of the section on 
listings, and by Dr. R. C. Roark, who supervised the 
revision of the section on “Information on Insecti- 
cides and Fungicides.” 

Several noteworthy changes were made in Entoma. 
All old information was completely revised. A special 
effort was made to make the listings cover all parts 
of the United States and as complete as possible. \ 
new section dealing with a “List of Trade Marked 
Insecticides, Fungicides and Adjuncts’”’ was added 
\ “List of Insecticide and Fungicide Manufacturers 
and Accessory Companies’ was also added. Proba- 
bly the most radical change was the distribution of 
the advertisements throughout the listings. An effort 
was made to plac e these advertisements adjacent, or 
close, to listings of importance to the advertiser 
lhis change was well received by the advertisers 


KcoNnoMk 


ENTOMOLOGY 


Vol. Af Te No. ) 


Entoma has shown a healthy growth. The first 
edition, in 1935, contained 102 pages, the second 
edition, in 1937, 144 pages and the third, or 1939, 
edition, 172 pages. The growth has been in the num- 
ber of listings, the increase in advertisers and the 
addition of material. The first edition of 
Entoma contained 34 pages of advertising supplied 
by 50 firms, the second edition 42 pages of advertis- 
ing by 75 firms, and the third edition 47} pages of 
advertising by 75 firms. Most of the advertising 
firms are well pleased with Entoma and several have 
written in asking about the next edition 

Financially, Entoma has been a success. The re- 
ceipts for the third edition of Entoma have been 
$2,585.21 (not including $219.00 still due Novem- 
ber 1, 1939) and the expenses $1,170.02. This leaves 
a balance of $1,415.19. 

| p to November 1, 1939, the following copies of 
the third edition of Entoma were sent out. To mem- 
bers of the American Association of Economic En- 
tomologists and to the members of the Eastern 
Branch 1,227; to advertisers and agents, 160, sold 
219, gratis 27; total 1,633 

The financial statement is appended herewith. 

The Committee would appreciate receiving sug- 
gestions for the fourth edition which will be gotten 
out in 1941. These suggestions should be in writing 
and sent to the Chairman 


new 


\. E. Bapertscuer 
Nee._y TuRNER 

J. L. Horsraus 

R. C. Roark 

H. B. Wess 

(. C. Hamivtron, Chairman 


FINANCIAL STATEMENT OF ENTOMA 
NOVEMBER 1, 1938, TO NOVEMBER 1, 1939 


This report is independent of the copies of the Third Edition of Entoma sent out to members of the 
(merican Association of Economic Entomologists or to members of the Eastern Branch 


Copies of Entoma sent out gratis 


1935 Edition 0 
1937 Edition 47 
1939 Edition 27 
Cash Rece ipts 
(Copies of Entoma sold 
Ist Edition 0 
2nd Edition @ 50¢ each 27 * 13.50 
2nd Edition @ 75¢ each $1 28.25 
2nd Edition @ $1.00 each $ 4.00 
Srd Edition @ 75¢ each 55 $1.25 
Srd Edition @ $1.00 each 136 136.00 
Postage received in cash OG 
Payment received for Entoma sold previous to 11-11-38 8.25 
226.51 
Advertisements and Listings 3rd Edition 
14 }-page ads—13 paid 194.25 
33 }-page ads—33 paid 993 00 
| }-page ad—l paid 35.00 
27 1-page ads—23 paid 1,115.65 
40 Listings—36 paid 36.00 
1,000 Reprints—E. L. Bruce Co 5.00 
1,000 Reprints Giro Associates Ine 7.00 2,325.90 
2,552.21 
Receipts in Stamps for Entoma 
Copies Ist Edition. 0 
Copies 2nd Edition @ 25¢ each l 25 
Copies 2nd Edition @ 50¢ each 3 1.50 
Copies 2nd Edition @ 75¢ each l 75 
Copies 3rd Edition @ 75¢ each 5 2.25 : 
Copies 3rd Edition @ $1.00 each 2 2.00 6.75 
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( ‘ash Duce 


1 For Entoma: 
, Copies 2nd Edition @ 50¢ each 9 100 
- Copies 2nd Edition @ 75¢ each 5 $.75 
P Copies 3rd Edition @ 75¢ each 10 7 50 
Copies 3rd Edition @ $1.00 each 14 14.00 
26.25 
Advertisements and Listings 3rd Edition 
| | }-page advertisement $15.00 
+ —1-page advertisements 200.00 
$— Listings +. 00 219.00 
245.25 
(ash Statement 
Balance from 11-1-39 33.06 
. Received from Mr. Weiss for Stamps 191.70 
224.76 
; Grand Total $3 , 028.97 
| Dishursement 
Cash to Mr. Weiss $2,435.85 
Cash for stamps *214.70 
Misc expenses 2.78 
lelegraph and lelephone 2.19 
219.67 
Local Bills paid: 
Stenographi services 26.50 
Stenographic services 51.45 
Expense, trip to N.Y. Eastern Branch meeting 10-28-39 ,.00 
Bank Commissions 55 
81.50 
Cash on hand .70 
Balance at bank 39.25 
39.95 
Stamps used, received for Entoma 6.75 
Potal Disbursements $2,783.72 
Cash due on Entoma sales 826.25 
Cash due on Advertisements and Listings 219.00 
245.25 
Grand Total $3,028 . 97 
Receipt 
19839 Entoma Sales 
Cash $226.31 
Stamps 6.75 
Due 26.25 
$259.31 
1989 Entoma Ads 
Cash 2.525 .09 , 
Due 219.00 
2,544.90 
82,804.21 
/ i pe nditu 
Stamps 214.70 
Stationery 26.50 
Printer 730.00 
Clerical 190.30 
Mise expenses S 52 
$1,170.02 
Rereort or Aupitinc COMMITTEE Economic Entomologists, for the year 1939, and 
find them correct. 
We have examined the financial statement and L. A. STEARNS 
i hooks of Harry B. Weiss, Secretary-Treasurer of the T. L. Guyton 


Eastern Branch of the American Association of November 17, 1939 
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Report or ComMMITTEE ON RESOLUTIONS 


Resolved, That the members of the Eastern Branch 
Branch of the American Association of Economic 
Entomologists have suffered a great loss in the death 
of a gifted scientist and highly appreciated friend, 
Dr. Wilton Everitt Britton, late State Entomologist 
of Connecticut, and that we therefore place on rec- 
ord our deep appreciation of a long and most useful 
life; and 

Be It Further Resolved, That the Secretary send a 
copy of this resolution to the family of the late Doc- 
tor Britton. 

Resolved, That the thanks of the members be here- 
with tendered to our Secretary, IH. B. Weiss, for the 
excellent arrangements made by him for this meet- 
ing 

Resolved, That the thanks of this organization be 
tendered by the Chairman to the management of the 
Hotel New Yorker for the very satisfactory facilities 
and services furnished by the management for this 
meeting. 

Resolved, That the thanks and appreciation of the 
members are due and are herewith extended to our 
Committee on Finance, for their very excellent work 
in connection with the issuance of Entoma. 

Resolred, That a special committee be appointed 
by the Chairman, to consist of not less than three 
members, to give full and careful consideration to 
the present requirements as to annual dues and 
membership classification, and to present a report 
at the next annual meeting, with such recommenda- 
tions as such committee may deem appropriate In 
its consideration of these matters, the said commit- 
tee is authorized to consult the membership of the 
Eastern Branch, and other Branches, as well as the 
American Association of Economic Entomologists 

Resolved, That a summer field meeting of the 
Branch be held during 1940, at such time and place 
as may be determined by the Chairman, Vice Chair- 
man and Secretary, jointly. 

CH 


CHaries E 


HapLey 
PALM 
November 17, 1939 


Report or COMMITTEE ON NOMINATIONS 


Your Committee on Nominations proposes the 
following persons to serve as the officers of the East- 
ern Branch of the American Association of Economic 
Entomologists for the coming year, 1940 

For Chairman, W. H. White 
For Vice-Chairman, J. L. Horsfall 
Harry F. Drerz, Chairman 
W. E. Biauve.t 
E. R. Sasscer 
November 17, 1939. 

The following members and guests registered dur- 

ing the meetings: 


Allen, H. W. 
Alsterlund, J. F. 
Annand, P. N. 
Anderson, Lauren D 
Anderson, Oscar N 
Appelbaum, Monroe C. I. 
Badertscher, A. E. 
Bailey, Harold L. 
Baker, Walter C. 
Bartlett, Irene L. 
Beard, R. L. 
Beckwith, Charles 5 
Beinhart, E. G, 


Benmosche, Jack 
Blanton, F.S 
Blauvelt, W. E. 
Bohman, F. E. 
Brann, James L., Jr 
Brody, Philip H. 
Bromley, . 
Brunson, M. lI 
Buchanan, W. D. 
Buchholz, \. Bb. 
Buchholz, Lewis W. 
Buettner, William O 
Burgess, A. F 
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Burgess, Emory D. 
‘arruth, L. A. 
‘hapman, Paul J. 
‘issel, P. Calvert 
‘lement, R. L. 
‘ollins, C. W. 
‘ollins, Donald L 
‘onnola, Donald P 
‘ory, Ernest N. 
Crawford, J. C. 
Dachs, M. H. 
Daniel, D. M. 
Darley, Merrill M. 
Dean, R. W. 
Dewson, I. B. 
Dietz, Harry F. 
Ditman, L. P 
Dobroscky, Irene ID 
Dohanian, S. M. 
Donohoe, Heber C. 
Driggers, B. F. 
Drucker, Irving H. 
Dutky, Samson R 
Dye, H. W. 
Eastman, P. M. 
Eaton, N. A. 
Elliott, G. R. 
Eldredge, W. B 
Evans, J. A 
Feinus, David 
Ferguson, William ¢ 
Fellton, Herman L 
Felt, E. P. 

Filmer, Robert 5S 
Fleming, D. M 
Fleming, Walter E. 
Fremed, N. L 
French, G. T. 
Friend, Roger B 
Gambrell, F. L 
Garman, Philip 
Geissler, G. H 
Gemmell, Louis G 
Ginsburg, J. M. 
Glasgow, Hugh 
Goodhue, Ly le D. 
Graham, C 
Granett, Philip 
Guggenheim, 5 
Guill, J. H. 

Guy, H. G. 
Guyton, Thomas L. 
Haar, Frederic M 
Hadley, .. a 
Haller, B. 


Cn a 


Hamilton, Donald W. 


Hamilton, C. C. 
Hammer, O. H. 
Harman, S. W 
Hartzell, Albert 
Haude, W. J. 
Hawkins, John Il 
Headlee, T. J. 
Heal, R 

Heap, W. R. 


Hess, Jacques J. 


Hoffman, Clarence H. 


Horsfall, dé. L. 
Hynak, Joseph 
Huckett, H. C. 
James, W. S. 


Jaynes, H. A. 
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Jennings, E. R. 
Jobbins, Daniel M. 
Johnson, J. Peter 
Jones, Thomas H 
Josephson, I. H. 
Joyce, R. D 
Kelsheimer, E.G, 
King, J. L. 

Kislhiuk, Max, Jr. 
Klatte, John Wm. 
Koslau, Harry 
Langford, Geo. S 
Lathrop, F. H. 
Ledurth, Thomas J. 
Leonard, M. D 
Levine, Ira A 

Mact reary, Donald 
Maughan, Frank B 
Mayer, Philip, Jr 
McConnell, H.S 
Medoff, John K 
Mendall, Seaton C 
My ers, Herbert 
Meyer, Martin F. 
Morrill, Austin W., Jr. 
Mundinger, F. G. 
Norris, John 
Nottingham, J. O 
ONeill, W. J 
Opitz, Charles F. 
Parker, Lawrence B. 
Patterson, N. A 
Payne, Nellie M 
Peairs, L. M 
Pepper, Bailey B. 
Philipp, Leopold 
Pierpont, Roger L. 
Poos, F. W. 
Pyenson, Louis 
Ramsay, M J 
Ratner, W. B. 
Rawlins, W. A 
Reiner, William 
Ressler, I. L. 

Rex, E.G. 
Richardson, Il. H 
Rohwer, S. A. 
Rosen, 5. 5 
Rosenthal, Max 
Sameth, H. G. I. 
Sameth, J. Edwin 
Sanders, George E. 
sasscer, E.R 
Schiff, Carl J. 
Schurminer, Y. Chester 


~ hwardt, Hou 
Sessler, S 

Sheffield, Hl. F. 
Sherman, Rk. W 
Silber, M. 

Smith, Charles M 
Smith, George R 
Smith, J. VanVelsor 
Snyder, Fred M. 
~oraci, F. A 
Stadholz, B 

Stearns, L. A 
Steiner, Harold M. 
Stene, A. k 

Sullivan, W. N. 
Thompson, F. M., Jr. 
lomlinson, W. E., Jr. 
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Watkins, T. C. 
Webber, R. T 
Weed, Alfred 
Weening, Bernard E. 
Weirich, Clarence L. 
Weiland, G. S. 
Weiss, Harry B. 


Townsend, J. F. 
Turner, Neely 
Van Dine, D. L. 
Vogel, Lothar 
Vollertsen, B. H. 
Walden, B. H. 
Walker, Harry G 
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Wilcoxon, Frank 
Willey, C. R. 
Wolfenbarger, D. O. 
Worthley, H. N. 
Zappe, M. P. 


Westcott, Cynthia 
Whelan, Helena A. 
Whitcomb, W. D. 
White, Ralph T. 
White, W. H. 
Whitten, Russell R. 
Whittington, F. B. 


PROCEEDINGS OF THE TWENTY-FOURTH 
ANNUAL MEETING 


PACIFIC SLOPE BRANCH, AMERICAN ASSOCIATION OF 
KCONOMIC ENTOMOLOGISTS 


Stanford University, Palo Alto, Calif., June 27-29, 1939 


A general account of the meetings of 
the Branch has been published in the 
February number of the Journal. 

In the business sessions, reports of com- 
mittees appointed by Chairman R. H. 
Smith were received and are herewith 
presented. The officers nominated by the 
Nominating Committee were declared 


elected. 


REPORT OF THE RESOLUTIONS 
COMMITTEE 


Whereas the Pacific Slope Branch of the American 
Association of Economic Entomologists has enjoyed 
an interesting and profitable session on the campus 
of the Stanford University at Palo Alto, California 
on June 27-28-29-1939, and whereas the success of 
this convention was made possible by efforts of 
various officers, committee and exhibitors. 
Therefore the resolutions committee offers the fol- 


men 


lowing resolutions 

Be it Resolved that this Association extends to 
Prof. R. W. Doane and the Stanford University our 
appreciations and thanks for the accommodations 
and hospitality extended our members during our 
meetings on the campus 

Further that the Association express its thanks to 
all the various manufacturing companies and other 
exhibitors of pest control equipment and supplies 
for their valuable exhibits and demonstrations and 
that such thanks be further expressed by letter from 
our secretary to these companies 

Further that we express our appreciation to the 
various institutions and laboratories for their exhibits 
of insects, charts, teaching materials, manuals, and 
books, and chemicals used for insecticides 

Further that we express our appreciation to our 
retiring chairman Dr. R. H. Smith and his com- 
mittees for their efforts and the marked success of 
these meetings 

Whereas a considerable portion of the member- 
ship of the American Association of Economic En- 
tomologists resides in the Western half of North 
America and whereas there has never been a na- 
tional winter meeting held west of the Rocky 


Mountains. 

Therefore Be it Resolved that the Pacific Slope 
Branch of this association request the serious con- 
sideration of the officials of the parent Association 


to the holding of such a meeting on the Pacific Coast 
in the near future.— E. O. Essie, T. D. Ursanns, 
J.C. Etmore, Resolutions Committee. 


RepPoRT OF THE TREASURER 


Balance on hand June 23, 1939. . $20.03 
Receipts: 
Refund from parent Association for 1938 meeting 16.32 
Interest 98 
Collection taken at meeting 27.13 
£63.80 
Disbursements: 
Express... 1.08 
Preliminary announcement 10.01 
Envelopes ‘ aa 11.16 
Mimeographin . 9.35 
Preparing —_ a list, stenciling, addressing, and 
mailing service ; 11.90 
Bracket screws for exhibits ; 51 
420 stamps. . 6.30 
Mimeographing lists of chemicals used for insecticide 
exhibit 9.40 
$59.31 


Balance. . 4.49 
863.80 


We have checked the treasurer's accounts and 
found them O.K. A. W. Morrityt, Paut Jones, 


Auditing Committee. 


REPORT OF THE NOMINATING 
COMMITTEE 


The following names were proposed for the offices 
indicated: 

Chairman B. G. Thompson 

Vice-chairman H. L. Seamans 

Secretary-Treasurer Roy E. Campbell 

\. F. Swain, G. F. Knowttron, Don C. Morte, 
Vominating Committee. 


The following members and guests registered dur- 
ing the meetings: 


Armitage, H. M. 
Borden, A. D. 
Bowen, M. F. 
Boyce, A. M. 
Brown, Gary T. 
Buckner, R. P. 
Burke, H. E. 
Campbell, R. E. 
Chiu, S. F. 
Cooley, C. E. 


( ‘ody, Bis. Ee 


Cook, W. C. 
Craig, Roderick 
Cressman, A. W. 
Doane, R. W. 
Durham, Wallace 
Eaton, Charles B. 
Ebeling, Walter 
Eckert, J. E. 
Elmore, J. C. 
Essig, E. O. 
Fenton, Alfred 
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Ferris, G. F. Kitchel, Robt. L Parker, William B. Thompson, B. G. 
Flanders, S. E Knowlton, G. F Persing, C. O Todd, Frank E 
Flebut, A. J Lange, W. Harry Penny, D. D Upholt, Wm. M, 
Good, N. E Lindgren, David L Quayle. H. J Urbahns, T. D 
Grady, a. we Linsley, E. Gorton Rohwer, S. A. Van Duzee, E. P 
Henderson, Charles | Lindquist, A. W Sasscer, E. R. Van Leeuwen, E. R. 
Herms, Wm. B Maxwell, Kenneth FE Salman, K. A. Wampler, E. A 
Hoskins, W. M MeGregor, E. A Simmons, Perez Wehrle, L. P. 
Howland, Adelbert F MeLane, F. B Smith, Leslie M Westgate, Warren A 
Jones, Paul R Michelbacher, R. E Southward, T. D Wilson, C. C 

Kagy, J. Franklin Morrill, A. W Strand, T. P Wilson, Kenneth F. 
Kaloostian, G. H Mote, Don ¢ Steinweden, John B Woglum, R. Ss 
Kinsley, C. H Munger, Francis Swain, A. F York, G. I 
Kirkpatrick, A. EF Van Dyke, Edwin ¢ 


NOTICE TO SUBSCRIBERS 


Engravings of illustrations which appeared in Vol 
ume 32 of the Journal of Economic Entomology 
may be purchased by the respective authors or their 
representatives at one-half cost price. Engravings in 
the current issue are available under the same terms. 
This publication reserves the right to destroy those 


not ordered within 30 davs from date of issue. 


Orders to ship engravings to authors should be 
sent to the Editor at Morgantown, W.Va. from whom 
cost prices may be obtained. Authors will be billed 


by the Business Manager of the Association. 


This regulation does not apply to engravings used 
with articles for which the cost of publication has 
been paid by authors or their representatives. Such 
engravings will be shipped collect to authors at their 
discretion if ordered within 30 days from date of 


publication; otherwise they may be destroyed. 
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Biological Control of the Codling Moth and the 
Oriental Fruit Moth 
J. E. Wess, Jr. and C. H. Atpex, Georgia Department of Entomology, Cornelia 
During a ten year period, 1980 to 1989 response since many more were taken 


Department of 
a laboratory 


the Georgia 


has operated 


inclusive, 
Entomology 
for study and advancement in biological 
control of the codling moth, Carpocapsa 
pomonella L., and the oriental fruit moth, 
Grapholitha molesta Buseck. The greater 
portion of time and effort have been de 
voted to mass production of, and experi- 
mental work with Trichogramma minutum 
Riley as a supplemental control for these 
two insects. However, considerable work 
has been done with the fruit moth larval 
parasite Macrocentrus ancylivorus Roh- 
wer. The laboratory host used in the mass 
production of T. minutum is the angou- 
mois grain moth S:totroga cerealella Oliver 
in the egg stage, and the host for M. ancy- 
livorus is the straw berry leaf roller .{neylis 
comptana Frohlich. 

Sitotroga PRopUCTION MeEetHOops. The 
two grain moth breeding rooms are each 
15 ft. by 15 ft. by 7) ft. and each ts 
equipped with seven breeding cabinets* 
which hold about one and one-half bush 
els of wheat per cabinet. These cabinets 
as shown in figure | are 275 by 295 by 213 
inches, outside dimensions, with 14 inch 
legs, and are equipped W ith four trap cans 
in the upper corners. 

The wheat ts first fumigated with ear 
hon bisulphide in tight metal drums where 
it is kept until needed. When a new eabi 
net is to be started the wheat is heat treat 
ed in water at 70 degrees Centigrade and 
placed in fourteen vertical screened frames 
which are suspended from the top of the 
unit. Four cabinets in one room have each 
been equipped with a 40 watt light bulb in 
the top (entering through a funnel sol- 
dered to the center of the top). The moths 
apparently show a negative phototropic 


Pitino Sar Nuthin ices enbisats eine obbaieed tem. Be 


° 
Herbert Spe the U.S. Bureau of Entomology and Plant 


Quarantine 


from the trap cans on the lighted than on 
the unlighted units in the same room. 
Each room is equipped with an electric 
heating unit and a system of fans which 
blow cool moist air from the basement 
when necessary to cool off the room in hot 
weather. The room temperature is con- 
trolled by thermostats set at about 80 de- 
grees Fahrenheit. Once or twice each day 








Angoumois grain moth breeding cabinet 
with light in top. 


Fig. l 


the rooms are sprayed with water and the 
wheat is kept moistened by spraying wa- 
ter through the screened sides of the cab- 
inets. This watering also drives the moths 
upward and into the cans. A relative hu- 
midity of about 70 per cent as optimum 
for oviposition and moth production is 
maintained. The legs of the cabinets are 
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placed in cans of oil to keep out ants, 
mites and various other pests. Once every 
two weeks dead moths and water are re- 
moved from the floor of the units in order 
to keep down obnoxious odors, breeding 
of mites and various other scavengers. 

Twice each day the moths are collected 
and several thousand are placed in each 6 
by 8 inch glass battery jar for oviposition. 
Each morning the eggs are collected by 
loosening them from the bottom of the 
jars with a camel-hair brush, then shaking 
through the 20-mesh sereen jar tops. A 
10-inch electric fan on the opposite side of 
the oviposition table carries off the great- 
er part of the moth scales, broken legs, 
etc., leaving the partially cleaned eggs on 
a 3 by 3 foot piece of heavy wrapping pa- 
per. Cleaning of the eggs is completed by 
repeated sifting and blowing away the 
dust particles by mouth. Over a million 
and a half eggs have been produced in one 
day. 

By means of Cico liquid paste the eggs 
are stuck onto cardboard squares holding 
about 18,000 eggs each. The squares are 
divided into six smaller sections which are 
readily clipped apart with scissors. Each 
section makes a convenient size colony of 
parasites to be hung in one tree. 

Each cabinet is stocked with about two 
million grain moth eggs and will produce 
large numbers of moths for about three 
months. After that period, the cabinet ts 
cleaned out, repainted, and restocked 
with wheat and moth eggs. By starting 
the majority of the cabinets in early 
spring, it is possible to produce large num- 
bers of eggs during May, June, July and 
August, when parasites are needed for ef- 
fective control work. Nearly 164,000,000 
eggs were produced in 1939. 

Trichogramma minutum Propvuction, 
DistrinuTION, AND Recovery.—The 
cards of fresh eggs are exposed in closed, 
carefully matched petri dishes, several 
to each two-thirds of a card of newly 
emerged parasites. One card is introduced 
into each dish about every three hours 
during the first day until four cards are 
parasitized. On the morning of the second 
day, two more cards are exposed in each 
dish at three hour intervals. This pro- 
cedure results in six well parasitized cards 
per dish of a two-thirds card of a parent 
stock, which gives a nine fold reproduc- 
tion. The laboratory turnover is completed 
every seven days if the temperature is 
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kept at about 80 degrees. The parasitized 
cards remain in the dishes until they are 
four days old. They are then mailed, four 
cards per box, to peach and apple grow- 
ers. Only enough cards are withheld for 
the next turnover. Enclosed in each box 
mailed out is a mimeographed sheet of di- 
rections for putting out the parasites and 
a quantity of fine copper wire for hanging 
up the card sections. When suspended 
from a limb by the small wire, the para- 
sitized eggs are inaccessible to predacious 
insects. The grower cuts the card into see- 
tions which are hung, one per tree, with 
S$ inch lengths of wire. These are dis- 
tributed over the orchard usually in 
locations of heaviest infestation. 
Shipments are so timed that if the para- 
sites are put out on the day received they 
will begin emerging in from one to four 
days, depending on temperature and 
promptness of delivery. 

The petri dishes used for reproduction 
are placed, one deep, on racks arranged to 
face the window so that thev receive as 
much daylight as possible. One rack is 
covered by glass and built onto a thermo- 
statically controlled heating unit used for 
parasite turnover in cold weather. This 


insect 


work is done in a small parasite breeding 
room, equipped with a 10 inch electric 
fan set in the wall near the ceiling. The 
fan is operated in hot weather to producea 
draft of cool moist air from the basement, 
the air being pulled through a hole 12 
inches square in the center of the floor. 
During the hottest weather the tempera- 
ture, thus controlled, never exceeds $3 de- 
grees F. A small piece of raisin is stuck in 
the upper edge of each dish to furnish 
moisture and food for the adult parasites. 

As shown in table 1 the full number of 
parasites colonized from 1929 to 1939 in- 
clusive for codling moth and fruit moth 
control was 310,991,000. In addition to 
this number, 19,268,000 were colonized 
for control of pecan, truck and cotton in- 
sects, making a total of 880,254,000 colo- 
nized, 

The summary given in table 2 shows 
that out of $37,057 codling moth eggs col- 
lected from 1980 to 1989, an average of 
56.2 per cent was parasitized by T. mi- 
nutum. The highest for any one collection 
was 97.6 per cent in 1933 while the high- 
est average for all eggs collected in any 
one year was 77.6 per cent in 1982. 

As shown in table 3, 2,101 Oriental fruit 
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Table 1.—Summary of Trichogramma minu- 
tum colonized in Georgia from 1929 to 1939. 








NuMBER OF PaRasttTEs COLONIZED 


YRAR \pples* Peaches Total 

1929 815,000 20 000 135,000 
1980 1.675 000 1. 828.000 8.501 000 
1931 1,750,000 750,000 2, 500 000 
1982 +. 785,000 2 555,000 7.140.000 
1935 19,698 ,000 7 578,000 27 . 276.000 
1934 1.574.000 $24,000 1. 898 000 
1935 28,595 000 20 546 000 $4,141,000 
1936 17,537,000 21 .594,000 38.931 000 
1987 12.597 000 25 028 000 $35,625 000 
1938 17,569,000 $8,196,000 55 765 000 
1939 33.839 000 60 040 000 93 879 000 


Total 184,982,000 176,059,000 S10. 991 000 





* From 1930 to 1935 inclusive, several n 


lion parasites were 
furnished by Dr. Herbert Spencer of the U.S. Bureau of Enton 
ology and Plant Quarantine Parasite Laborator of Albar 
Georgia, and these were used in a cooperative experiment wit! 
the state on codling moth biological contr 


moth eggs were collected from 1980. to 
1939, of which 36.3 per cent was parasi- 
tized. The highest parasitism of any one 
collection was 85.7 per cent in 1930 and 
1938, while the highest percentage for all 
eggs collected in any one year was 47.3 
per cent in 1930. 

Table 4 gives the harvest results in an 
experimental Elberta orchard in’ which 
2,000 fruits were scored each year from 
1932 to 1939 inclusive. An almost contin- 
uous decrease in fruit moth infestation 
has occurred during that period. The in- 
festation in 1932 was 23.9 per cent and 
has been reduced to 0.8 per cent in 1939. 
T. minutum have been colonized in this 
orchard each year and one or more colo- 
nies of Macrocentrus ancylivorus have been 
liberated since 1982. That 7. minutum are 
highly effective against the eggs of late 
brood fruit moths was demonstrated by 
an examination of 145 fresh and para 


Table 2.—Summary of codling moth eggs 
parasitized by Trichogramma minutum in 
Georgia. 





Yranr Constecreo Highest Lowest Average SITIZED 


1980 1.382 70.4 4.5 4 20.6 
1oS81 + O80 S46 wo5 75.7 +4 

1982 11.001 94.2 57.6 77.6 22.4 
1988 4.228 07 6 0 | 76.1 23.9 
1934 1.850 76.2 0.0 58.6 41.4 
1985 7.017 66.0 oo ‘ ) 7.1 
1956 > Ooo ts. 2 6 6.2 i s 
1937 » 542 1408 oOo 40 76.0 
1088 1 536 oo 6 +4 1.2 is 8 
1939 1.347 90.05 oo 66.6 4 1 


Total 057 97.6 00 a2 413.8 
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Table 3.—Summary of Oriental fruit moth 
egg parasitism by Trichogramma minutum in 
Georgia. 





Per Cent 


Porat Eas PARASITIZED 

Per Cent 

Col Para Maxi UNPARA- 

YrAR lected sitized mum Average sITIZED 
1930 383 181 85.7 47.3 52.7 
1931 515 bal | 3.5 15.7 3 
1932 169 61 $5.3 36.1 63.9 
1988 S62 95 85.7 $5.8 54.2 
1939 172 +4 7.4 25.6 74.4 
Total 2,101 762 85.7 36.3 63.7 





sitized eggs collected from three Elberta 
orchards in August, 1938, which had 81.4 
per cent of the eggs parasitized. 

DirricULTIES IN PRopuCTION OF Sito- 
troga cerealella.—All wheat is carefully 
selected, fumigated and sterilized to in- 
sure freedom from all insect life before 
being placed in the breeding rooms. De- 
spite every precaution the moth popula- 
tion is occasionally wiped out by an infes- 
tation of the hymenopterous parasite 
Habrocytus cerealella Ashm. or the mite 
Pediculoide s rentricosus Newport. Al- 
though other laboratories have been seri- 
ously hampered by this mite, it has never 
been a factor at the Cornelia laboratory; 
but on several occasions the breeding 
rooms have been invaded by H. cerealella. 
It has never reached destructive propor- 
tions, however, until the end of the sea- 
son. Other pests which may be classed as 
nuisances, rather than hazards are the rice 
weevil, the cadelle, the red rust flour bee- 
tle, the saw-toothed grain beetle, ants and 
spiders. 

CON PROLLING Habrocytus cerealella 
OurBreaks.—The procedure used to rid 
the laboratory of this parasite is to select 
two or three of the highest produc- 
ing cabinets and move them to another 
building several blocks away where the 
collection of the moths is continued in or- 
der to get eggs to stock new cages. After 
removing the stock of Trichogramma mi- 
nutum and other necessary articles from 
the building, the whole laboratory is fumi- 
gated with hydrocyanic acid gas for at 
least 48 hours. Immediately afterward 


Table 4.—Oriental fruit moth infestation at 
harvest in Elberta peaches from experimental 
orchard 1932 1939. 





Frurr Morus rrom 2,000 Peacnes Scorep in YEAR 
1982 1933 1934 1935 1936 1937 1938 1939 
23.9 10.9 11.2 0.30; 0.3°, 2.59, 0.5% 0.3% 
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a thorough cleanup is effected and _ all 
infested wheat is taken to the dumping 
ground a considerable distance away. No 
grain moths or exposed grain are kept in 
the laboratory for at least a month there- 
after in order that any stray H. cerealella 
will perish. In the meantime, two or three 
new wheat cabinets are being stocked 
with fresh moth eggs which have been 
dipped in carbon bisulphide. These new 
units are kept in another building away 
from the laboratory and the building in 
which the moth producing units are 
stored. The carbon bisulphide will kill any 
larvae or mites but does not injure the 
fertility of the grain moth eggs. When a 
month or more has passed, the new cab- 
inets are brought into the laboratory and 
additional ones started from time to time 
as needed. 

PRODUCTION COLONIZATION OF 
Macrocentrus The Corne- 
lia laboratory, in cooperation with Dr. 
H. W. Allen, of the U.S. Bureau of Ento- 
mology and Plant Quarantine has made 
available a large number of colonies of M. 
ancylirvorus for colonization in Georgia 
peach orchards for the control of the fruit 
moth. The first colonizations were made 
in 1930 and additional ones almost every 
year since that time. Special emphasis was 
given this project in 1988 and 19389 when 
162 colonies of about 200 parasites each 
were liberated. The greater numbers of 
these parasites have been reared and col- 
lected in a special dark room at the Cor- 
nelia laboratory. The parasites were ob- 
tained from strawberry leaf roller material 
shipped from New Jersey. These ship- 
ments were made possible by the courtesy 
of Dr. Allen who has also furnished a num- 
her of colonies of adult parasites ready for 
liberation. During 1988 and 1939 several 
thousand M. ancylirorus have been pro- 
duced in a special outdoor strawberry leaf 
roller cage. Altogether about 40,000 speci- 
mens have been colonized throughout the 


AND 
aneyli Orius, 


state. 
METHODS OF 
frus ane ylir Orus. 


HaNpLING Macrocen- 
The strawberry leaves 


containing parasitized leaf rollers are 


spread out on a series of hardware cloth 
bottom trays in the breeding room. The 
leaves are stirred occasionally to pre- 
vent moulding until dry. During the pe- 
riod of parasite emergence, the desired 
humidity is maintained by occasionally 
spraying with water. All sides of the room 
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are black except one white side to which 
the moths and parasites are attracted and 
from which they are collected by means of 
a vacuum cleaner. This cleaner has a spe- 
cial offset which sucks the parasites into a 
one by five inch piece of glass tubing havy- 
ing a medium coarse mesh cloth bottom. 
Males and females are counted and eol- 
lected separately, putting about 100 per 
vial, and are then transferred, 100 of each 
sex, to individual carrying cages.* These 
are wooden frame cages 3) by & by 3} 
inches, with fine mesh cloth top and 
bottom to permit free air circulation. As 
soon as each cage receives its colony of 
parasites, it is wrapped in moist absorbent 
cotton and several thicknesses of paper 
and held ina refrigerator until carried to 
an orchard where the insects are liberated 
through the removable sliding top of the 
cage. 

Recovery or Larvat Parasitres.—Al- 
most every year since 1930, peach twigs 
infested with fruit moth larvae have been 
collected from orchards where M. aney- 
lirorus have been colonized. The twigs are 
earried back to the laboratory to deter- 
mine the percentage of parasitism by rear- 
ing the larvae to maturity. Of 3,450 twigs 
collected during the ten-vear period, 1,340 
total emergencies have been obtained, of 
which 885 or 28.7 per cent have been 
M. ancylirorus. In addition to these, 11 
specimens of other parasites have been 
obtained, making a total average of 29.6 
per cent larval parasitism. The highest 
percentage for any one twig collection was 
100 per cent in 1980 while the highest 
average for any one year Was 80.2 per cent 
in 1997. 

Larvae of the codling moth are para- 
sitized by several native species of para- 
sites. Of 2.598 total emergences recorded 
from first, second and third brood larvae 
during the vears 1986 to 1989 inclusive, 
196 or an average of 19.1 per cent were 
parasites. .fscogaster carpocapsae Viereck 
and its hyper-parasite Perilam pus sp. rep- 
resented nearly 95) per cent of the total 
parasite recovery. The hyper-parasites 
represent ab mit 25 per cent of the above 
figure. Other species recorded are Pristo- 
merus agalis ( ‘resson., Phane rotoma tibialis 
Hald., and ¢ allie phialte s gra pholithae (res- 
son, all of which are of minor importance. 

A New Ice Box ror TRANSPORTING 


* Plans for this cage were obtamed m the Federal Parasite 
Laboratory at Moorestown, N. J 
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Live Insects.—In handling large num- 
bers of Macrocentrus, it is often necessary 
to make over-night trips which require 
cold storage facilities for the parasites un- 
til time of release. This problem has been 
met by a special ice box (Fig. 2) designed 
and built to hold nine of the field carrying 
cages. The outside dimensions of the box 
are 17 by 20 by 18 inches. It is constructed 
of pine boards three-eighths inch thick, 
there being two walls three-fourths inch 
apart, between which fine sawdust is 
packed. The inner wall is lined with sheet 
metal made water tight with solder. A 
water tight sheet metal box for holding 
the parasites fits in the center of the larger 
box so that a two and one-half inch space 
for chipped ice is left on all sides. The 
metal box is fitted with a metal cover hav- 
ing flanges to prevent water from entering 
the top. The ice box is fitted with a sturdy 
handleon either end and a sawdust packed 
hinged top with a stay-open catch. A 
short piece of half inch ron pipe fitted in 
a lower corner serves to drain away the 
water if desired. When packed with about 
25 pounds of ice, the box will maintain a 
satisfactory temperature for 36 hours or 
more in summer weather. [It can as readily 
be used for transporting many other types 
of animal life in cold and fits 
easily on the floor between the seats of a 


storage 


coach or sedan type automobile, or in the 
rear compartment trunk. 

Summary.— More than three hundred 
million Prichogram ma minutum have been 
colonized in commercial peach and apple 
orchards since 1930. Over a million and a 
half laboratory host eggs, Sitotroga cere- 
alella, have been produced in one day with 
the wheat cabinets. Of 37,057 codling 
moth eggs collected, 56.2 per cent were 
parasitized, and of 2,101 fruit moth eggs 
collected, 36.8 per cent were parasitized 
by 7. About 40,000 Macrocen- 
trus ancylirorus have colonized in 
commercial peach orchards for fruit moth 
control. Of 3,450 fruit moth infested twigs 
colonized orchards, 
obtained 


minutum, 


been 


collected in’ these 


1340 total emergences were 


Peark psyiua infestations having been found in 
Kootenai County, Idaho, and in Spokane County, 
Wash., 
in March 1940, which prohibit the movement of pear 
nfested counties, 


quarantines were established by these States 


or quince trees or parts, from the 


and require that the fruits shall be prepared and 
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with an average of 29.6 per cent parasit- 
ism, mostly M. ancylivorus. Of 2,593 total 
emergences from codling moth larvae, 
19.1 per cent were parasites, mostly Asco- 
gaster carpocapsae. It is estimated that the 
egg and larval parasites of the fruit moth 
destroy 55.2 per centt of its total popula- 
tion and those parasitizing the eggs and 





Fic. 2. New icebox for transporting live insects. 

larvae of the codling moth destroy 64.6 
per cent? of its population. The scoring of 
two thousand harvested fruits each year, 
from 1932 to 1939 inclusive, in an experi- 
mental Elberta peach orchard where both 
T. minutum and M. ancylivorus have been 
colonized, shows an almost continuous de- 
cline of fruit moth infestation. Other data 
included are: combating Halrocytus cere- 
alella and other pests of the grain moth 
breeding rooms; the production, coloniza- 
tion and method of handling Maerocen- 
frus; and a new ice box for transporting 
live insect material.— 1-6-40. 


was derived by multiplying the per cent larval 
cent egg parasit 


t This figure 
parasitism by the hgure re sulting when the per 
sm is subtracted from 100 as total population, then adding the 


result to the per cent egg parasitism 


handled in such a way as to prevent carrying in- 
festation. Packing boxes, containers, props, ladders, 
rough lumber, firewood, leaf mold, and compost, 
from the infested properties, as well as vegetables, 
are also placed under regulation designed to elimi- 


nate danger of spread 








Codling Moth Flight Habits and Their Influence on 
Results of Experiments 


L. F. Sreaner, (°. S. Department of Agru 


Fifty years ago C. P. Gillette (1889) 
called attention to the influence that cod- 
ling moth migration might have on experi- 
mental data, and stated that nothing like 
correct results could be expected in figur- 
ing out the protection given hy various 
spray treatments except in an area where 
the insect is single brooded. He suggested 
that, in order to get correct results, sepa- 
rate records should be made of the injury 
caused by the two broods: otherwise the 
results would be vitiated by the large 
number of eggs that would be laid upon 
the sprayed trees by moths flying in from 
the unsprayed check trees, and also by a 
decrease in the number of eggs that would 
be laid on the cheek trees because of the 
great numbres of larvae of the first brood 
destroyed upon the treated trees in their 
vicinity. Following experiments conduct 
ed in 1915, Siegler & Plank (1921) con- 
cluded that the codling moth was a non- 
migratory species except for short local 
flights, but stated that the moths had 
strength to fly in a continuous flight, un- 
aided by the wind, for a distance of at 
least one-half mile. It seems to have been 
the opinion of many other workers that 
the codling moth remains close to its point 
of emergence. Evidence sometimes offered 
is that the influence of open packing sheds 
is not evident beyond avery few tree rows 
and that certain trees or areas in the or- 
chard are, year after year, more heavily in 
fested than Very little 
definite information, however, seems to be 


their neighbors 


available. 

During the course of investigations on 
the codling moth in southern Indiana con- 
siderable information on the flight habits 
of the adults has been accumulated and ts 
here summarized.* 

RELEASE AND Recapture or Morus. 

During the years from 1954 to 1938, 
inclusive, approximately 10,000 newly 
emerged codling moth adults were marked 
by the method used hy Steiner & Yet- 
ter (1933) for the oriental fruit) moth, 
and liberated in or near areas containing 


ulture, 
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experimental bait solutions. Most of the 
baited areas ranged from 10 to 15 aeres in 
size, although additional seattered traps 
were generally located in other parts of 
the same orchard. Although the releases 
were made primarily for the purpose of 
studying the efficiency of baits, many 
way that distance 
In all, S47 such 


were made in such a 
records could be obtained 
records are available. 
The number of flight reeords each vear 
and the average and maximum distances 
from the pout of release to the point of 
recovery for liberations made in baited 
areas and outside of trapped areas among 
unbaited trees are given in tables 1 and 2. 
Table 1.—Distances traveled by marked adult 


codling moths after their release within bait- 
trap areas. 





Distance rroM Pont o1 
Recease TO Por of 
Punt Recovery (Feet 
Rrcorps 
Yea Nupt Average Maximum 
rt 211 25 4 2,079 
1935 S44 ISS 1.710 
1986 74 i} 1,622 
1957 73 127 665 
LOSS Gl 219 70 





Table 2.—Distances traveled by marked adult 





codling moths after their release outside of 
baited areas. 
DISTANCE FROM AVERAGE 
Point or Reveast DISTANCE 
ro Pownr or Re TRAVELED 
Pict COVERY Feet Over Bart 
RecoRDS, TRAPS 
Year Number Average Maximum Fret) 
19st it 2th tl 132 
1935 16 Ost 1.000 274 
1956 22 O55 2 OS0 20S 
1937 } 921 1,178 173 
1938 27 656 1.258 106 





Trae Caprures.— Moths recovered 
from releases made within baited areas 
flew average distances of 252, 188, 204, 
127. and 219 feet, respectively, for the 
vears from 1934 to 1938. Those recap- 
tured following liberation in) adjoining 
unbaited areas flew average distances of 
Itt, 694, 985, 921, and 656 feet for the 
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same 5 years. The lengths of flights re- 
corded from outside into baited areas 
were, of course, governed in part by the 
distance at which the releases were made, 
and many moths undoubtedly traveled 
shorter distances without reaching bait 
traps. On the other hand, the records for 
recoveries from releases inside the area 
were usually limited by the size of the 
area baited. Of 150 moths recaptured 
from one release made within a 15-acre 
baited area, 12 were taken in a few seat- 
tered traps located in other parts of the 
same orchard, which contained in all 60 
acres. How many others flew out of the 
l5-acre area but escaped traps in other 
parts of the orchard ts unknown. Most of 
the long-distance flights were of this type, 
that is, the moths left baited areas to re 
appear in traps in some other part of the 
orchard. 

It has been noted each vear that flights 
into the baited area were generally well 
distributed, that is, some moths flew en- 
tirely across hefore being caught, and the 
average distance that incoming moths 
flew over baits after entering the area was 
greater each year, except in 1934, than 
that traveled by moths released and _ re- 
captured inside. This suggests that many 
flights are definitely migratory. Therefore, 
the increased infestation generally present 
in trees within a few rows of infestation 
centers may be due largely to a normal 
filtration or overflowing of moths into the 
area by means of tree-to-tree flights. Such 
flights, frequently repeated, could ulti- 
mately take a moth a considerable dis- 
tance from the point where it emerged. At 
the same time, however, many moths may 
set off on longer flights which end in all 
parts of the more lightly infested area. 

The possibility has been suggested that 
the bait traps increase the amount of 
moth movement. This may be true, in 
part, of flights to the baited areas from 
unbaited trees, but many of the flights 
within and between baited areas were 
made between trees containing baits of 
the same formula, suggesting that there 
are periods in the life of the moth when 
baits elicit no response, although normal 
flight may occur. Furthermore, six of 585 
moths liberated among unbaited trees in 
1938 were recovered from 420 to 638 feet 
away from the point of release and others 
at shorter distances, in six unbaited trees 
that were being treated with a nicotine- 
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lime dust so that, as explained in the fol- 
lowing paragraph, population counts 
could be made. 

Morn Porputation.—Evidence — that 
mass migration occasionally occurs was 
secured in 1938 by weekly population 
counts In two adjacent unsprayed 15-acre 
areas, one of which was baited. In making 
these counts, sheets were spread under- 
neath individual trees, which were then 
treated with a nicotine-lime dust. This 
caused the moths in the trees to drop to 
the sheets where they could be gathered 
and counted. Until July 20 the population 
averaged higher in the unbaited area. On 
that date it averaged 19.3 moths per tree 
in the baited and 30.0 in the unbaited area. 
One week later the average was 19.7 
moths in the baited and only 2.0 per tree 
in the unbaited area. By the following 
week the average was 12.5 in the baited 
and 6.0 per tree in the unbaited area. All 
the moths found in the latter area during 
the morning of July 27 appeared to be 
newly emerged, since their wings were not 
fully expanded. During the week after 
July 20 the bait traps were catching more 
moths in relation to the actual population 
than at any other time during the season. 
Those captured included marked moths 
which had been released near the farthest 
corners of the unbaited 15-acre block. The 
average minimum distance traveled from 
their point of release by these and other 
moths released in the same area and re- 
captured in July and August was 656 feet. 

The longer flights, of 2,000 feet or more, 
which have been recorded indicate that 
the codling moth is capable of flying to all 
parts of a square 100-acre orchard before 
completing its egg laying. The recorded 
flight movement within the baited areas 
can be considered less than normal, since 
the distances are limited by the distance 
to the boundaries of the areas and by the 
capture of the moths before they have 
traveled the total normal distance. Thus 
200 feet, the approximate average distance 
traveled by recaptured moths released 
within baited areas during the past five 
years, may be taken as a conservative es- 
timate of the average distance away from 
its point of emergence that a codling moth 
will normally move. 

Errects or Morn Futcur on In- 
sECTICIDE Trests.—It is evident that 
spray plots of less than 3 acres or with a 
radius of less than 200 feet may have mi- 





‘ 
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gration into their centers from adjacent 
plots, or from their centers out to adjacent 
plots. If a third brood occurs the original 
influence may be extended farther. 
Replication of plots is, of course, neces- 
sary to equalize the effects of many varia- 
bles, one of these being the influence of 
migration. However, no amount of repli- 
cation can eliminate this influence. Al- 
though the unsprayed check referred to 
by Gillette is now rarely used, moth move- 


Table 3.—Influence of codling moth migration 
in small-plot insecticide tests. 





Foran NuMBBR 
or Worms Per 


Tre 
July 1 End of Rare o1 
Senson Ine RE ASE 
Lead arsenate 

Latin square 16 $21 20) times 
Large scale, 130 acres Ss 66 S times 

Nicotine bentonite and 

sovbean oil 

Latin square 11 Ol $6 times 
Large “ ale, 90 acres s 55 7 times 





ment may have just as important an in 
fluence on comparisons between different 
treatments. 

Obviously the intensity of the attacks 
by the second and third broods, in the ab- 
sence of migration, should be directly in- 
fluenced by the efficiency of the control 
treatment against the first brood. It 
should be apparent also that, of two ma- 
terials, one may be more effective early in 
the season and the other later. Since lar- 
vae of the later broods are often far more 
abundant than those of the first, the treat- 
ment most effective just before harvest 
may appear to show the best final results, 
vet this treatment may have been rela- 
tively much less effective against the first 
brood, and thus responsible for the escape 
of many early worms and the subsequent 
heavy attack. Investigations at the Vin- 
cennes, Indiana, laboratory for a number 
of years have shown that lead arsenate, 
the usual standard of comparison, has this 
characteristic in most seasons. 

For example, in 1987, a latin-square 
test of three treatments with four trees 
per replicate was set up for comparison 
with two of the treatments used in a large- 


scale commercial test. The results are 


given in table 3. 


Jor RNAL OF Kx ONOMIK 





Vol. , >, No. = 


ENT« IMOLOGY 


In the first-brood period the control 
with the nicotine treatment 
icantly better than that with lead ar- 
senate in the latin-square and equal to it 
in the large-scale tests. In the latter exper- 
iment the initial population difference 
was unknown, while in the latin-square 
test it presumably was equalized. A series 
of samples of fruit taken before and after 
each spray and infested in the laboratory 
indicated that the nicotine maintained a 
significantly higher effectiveness than 
lead arsenate until the peak of the third- 
brood larval attack about September &, a 
month after the final cover spray. 

At the end of the season the advantage 
built up hy the micotine prior to the third- 
brood attack was lost in the latin square, 
where the population increase, largely due 
to migration, was 36 times as compared 
with only 7 times in the large area, while 
with lead arsenate the increase was less 
than with nicotine in the latin square and 
only slightly greater in the large area. The 
small plots thus gave results that were the 
reverse of those obtained in commercial 


was signif- 


practice. 

It appears likely that migration has as 
great a leveling effect where 5- or 10-tree 
replicates are used as where single-tree 
replicates are employed. It doesn’t appear 
possible to get very far away from its in- 
fluence with replicates of less than three 
acres, particularly if any third brood is 
produced. 

It is conceivable that 
ment would be increased above normal in 
small-plot tests where certain of the treat- 


inter-tree move- 


ments are repellent or attractive, or are 
toxic to adult moths at the time of spray- 
ing. 

However, the use of 3-acre replicates, 
hecause of other disadvantages, would be 
impracticable in most experimental set- 
Ups. 

It is evident that the results of field ex- 
periments in codling moth control ob- 
tained by the small-plot method of expert- 
mentation, in areas in which the insect 
Passes through two or more broods, must 
be interpreted with caution. Under many 
conditions the value of a treatment against 
the first-brood worms may be largely ob- 
-cured hy an influx of first-brood moths, 
and erroneous conclusions may be reached. 
It seems entirely possible, therefore, that 
by ignoring Dr. Gillette’s warning of 50 
years ago we may have discarded really 
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valuable and effective first-brood treat- 
ments in the past, simply because migra- 
tion from other plots or from other parts 
of the orchard may have wiped out before 
harvest any sign of their early effective- 
ness. ; 

Through force of circumstances most 
workers find it necessary to use small plots 
for their field experiments with insecti- 
cides for the codling moth. Determination 
of first-brood infestation by examination 
of the fruit on and under the tree just be- 
fore the start of second-brood attack may 
aid in the interpretation of results, and 
this practice is followed by a few workers. 
At this point in the season, however, the 
infestation is usually light, and reliable 
percentages are difhieult to obtain. Prac- 
tical considerations also place a limit on 
the extent to which tree counts can be 
made. The laboratory-field method in use 
at the Vincennes, Ind., laboratory, where- 
by determinations are made of the ef- 
fectiveness of the spray deposits at fre- 
quent intervals during the season, ts 
proving very helpful in giving detailed 
information that cannot be obtained by 
other types of experiments. 

MiGkATION AND SUPPLEMENTARY Con- 
rrous.— Large experimental plots are ab- 
solutely essential if the control test 
includes treatments such as tree scraping, 
orchard sanitation and banding, where 
the treatment effects the greatest reduc- 
tions in population prior to emergence of 
spring-brood adults, and where, after the 
treatments are started, there is one more 
brood of moths than occurs with spraying 
tests. For example, in a square 40-acre 
orchard, in 1987, the hibernating popula- 
tion was previously determined to be 30 
per cent greater in the north half. This 
half was seraped and banded, all trunk 
cavities were screened and part of the 
ground debris was removed. At the end 
of June, counts made on 46 trees showed 
the average worm population per tree to 
be 189 in the untreated and S88 in the 
treated part, or 53.4 per cent less in the 
latter area. During the remainder of the 
season, however, the rate of increase in 
the treated area was 2.4 times and in the 
untreated only 1.6 times, so that at har- 
vest the difference in favor of the treated 
area was only 30 per cent. Since the oreh- 
ard had been sprayed uniformly and there 
was no evidence of any difference in the 
parasite and predator population, and the 
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only other nearby orchard was so thor- 
oughly sprayed that it produced less than 
1 per cent of wormy fruit, it is apparent 
that the leveling effect of moth movement 
even with a light second-brood attack, is 
capable of affectingcontrol tests as largeas 
20 acres if two or more inter-brood peri- 
ods of moth flight occur between the time 
of application of the control measure and 
the determination of the results. 

Similar results have occurred in con- 
nection with tests of the control value of 
bait traps, although the more rapid popu- 
lation build-up in a baited area may have 
been due partly to the attraction of the 
baits. In 1987, one corner of a 60-acre 
orchard, comprising approximately 12 
acres, was baited with one trap per tree. 
At the end of June the counts made on 48 
trees of three varieties divided between 
the baited and the adjacent unbaited 
block of the same size indicated that the 
worm population was 45.4 per cent less in 
the baited area. With crops averaging ap- 
proximately 5,500 apples per tree, the 
worm populations averaged 1,436 per tree 
for the unbaited and 784 for the baited 
areas on June 30. At harvest, however, 
the average worm population was only 
26.3 per cent less in the baited area, where 
it had increased to 2,696 worms per tree. 

SumMAry.—In 1889 Gillette called at- 
tention to the probable effects of inter- 
tree or inter-plot movement of adult cod- 
ling moths on experimental results. On the 
other hand, many workers have felt that 
moth movement is not great enough to be 
an important factor. Very little definite 
evidence, however, has been available. 

During the years 1934 to 1938, inclu- 
sive, releases of marked moths, outside 
and inside of baited areas in southern In- 
diana, and their subsequent recapture in 
traps or in dusted unbaited trees has 
proved conclusively that extensive inter- 
tree and inter-plot movement of moths is 
normal and common. The average dis- 
tance traveled away from their points of 
release was approximately 200 feet. in 
baited areas, where the distance to the 
outer rows of traps and the stoppage of 
flight by capture placed a limit on the 
length of normal flights. Normal move- 
ment of 200 feet would be equivalent to a 
mass migration of all moths from the cen- 
ter to the outside of a 3-acre plot. Indi- 
vidual flights of more than 2,000 feet were 
recorded, proving the ability of the insect, 
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if emerging within a 100-acre orchard, to 
travel to any part of it. 

The replication of spray treatments, re- 
gardless of whether single-tree or 10-tree 
replicates are used, will not climinate the 
influence of migration. Spray treatments 
with nicotine bentonite which are highly 
effective in the first brood but which may 
weaken shortly before harvest (unless ad- 
ditional sprays are applied), have given 
control superior to that obtained with 
lead arsenate when tested on a large 
enough area so that their effects on the 
first brood would not be lost, but when 
tested in small replicated plots the early 
survivors in the plots sprayed with lead 
arsenate later provided a population 
which reinfested the nicotine-treated plots 
late in the season. Consequently small- 
plot tests in a two-brood or three-brood 
area will often show the relative effective- 
ness of the treatments against only the 
latest brood, if reliance is placed solely 
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on records from drop and harvest. frnit. 
moth migration proved 
capable of obscuring a large part of the 
effectiveness of crchard sanitation and 
banding or of the use of bait traps in tests 
involving 20-acre and 12-acre plots, re- 
spectively. The control obtained after the 
end of the first-brood period Was more 
than offset by the more rapid build-up of 
the population in the treated areas late in 
the season, largely as a result of moth 
movement. 

The evidence suggests that there is a 
normal leveling off of the population be- 
tween areas of heavy and of lower density, 
with movement occurring in both diree- 
tions proportional to the population. 
There is also evidence that some moths 
make long flights and that under favora- 
ble conditions some of the population may 
extend its normal movement to considera- 
ble distances, giving the effect of a mass 


1-6-40. 


Late-season 


migration. 
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Replacing Cresylic Acid with Var Oilin the Delayed Dormant 
Spray on Apple ‘Trees 


Josernu M. Ginseuna, N J j Agri 


Although the superiority of a dormant 
spray, (3 per cent petroleum oil, 2.5 per 
cent tar oil) over a delayed dormant spray 
$3 per cent petroleum oil, 0.5 per cent 
cresylic acid) in controlling apple aphids 
in New Jersey has been definitely shown 


by Ginsburg & Driggers (1988), many 
growers still find it convenient to start 


orchard spraying at the delayed dormant 
period. In addition to the farmers who 
prefer delayed dormant to dormant spray- 
ing, others are often compelled to use the 
delayed dormant spray on account of 
either unfavorable weather conditions or 
inability to cover the entire orchard dur- 
ing the dormant For the above 
and perhaps other reasons, a large per- 
centage of the New Jersey apple growers 


scauson. 


* Paper of the Journal Series, New Jerse Avgricultu hx 
periment Stat Department Ents , 


i Experiment Station, New Bi 
are applying the delayed dormant spray- 
to control aphids, red mite and seale. 
Cresylic acid in the delayed dormant 
spray and tar oil in the dormant spray are 
the primary toxic agents in killing aphid 


eggs, while petroleum oil is” effective 
against scale and red mite 


OnsectT ofr THE INVESTIGATION. —In 
view of these facts the present investiga- 
tion Was arranged to determine the mini- 
mum concentration of tar oil required to 
kill eggs of apple aphids in the delayed 
dormant stage, in place of the 0.5 per cent 
cresylic acid, The benefits to be derived 
from such a change would be two-fold. 
First, the tar oil employed for spraying is 
considerably cheaper 17 cents per gallon) 
than is cresylic acid (70 cents per gallon). 
Second, tar oil can be readily and cheaply 
emulsified, either separately or combined 
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with the petroleum oil, to produce an uni- 
form dispersion in the spray mixture. 

Metuops AND Martertats.—The ex- 
periments were conducted during 1938 
and 1939 in a commercial orchard located 
in Marlton, New Jersey. Delayed dor- 
mant sprays comprising 3 per cent pe- 
troleum oil and either 0.5 per cent cresylic 
acid or various concentrations of tar oil, 
ranging from 0.5 to 2 per cent, were 
sprayed on the following varieties of apple 
trees: Starr, Gravenstein, Opalescent, 
Wealthy, Smokehouse and Williams. The 
sprays were applied in late March or early 
April as warranted by seasonal condi- 
tions, employing a Bean power sprayer. 
Close observations were made on all six 
varieties for plant injury, and only on 
Starr. Gravenstein and Opalescent for in- 
sect control. From 200 to 500 fruit clusters 
of each variety in each block were exam- 
ined for live aphids of all types prior to 
the pink spray, generally about the mid- 
dle of April, and for rosy aphids in late 
May or in early June. 

The petroleum oil used was a paraffin 
distillate, with soap, of the 
following specifications: gravity A.P.L. 
96-29: Viscosity Saybolt 100 degrees F.) 
110: boiling range 650-770 degrees F. The 
cresylic acid was a partially water-misci- 
ble proprictary product containing about 
95 per cent tar acids. The tar oil was (un- 
indicated) a commercial 
85 per cent 


emulsified 


less otherwise 
emulsion containing about 
high boiling coal-creosote distillates. 

EXPERIMENTS IN 1958.—On March 22 
four different delayed dormant spray mix- 
tures were applied on blocks of apple trees 
each containing 4 Starr, 3 Gravenstein, 
and 2 or more of Wealthy, Williams, and 
Smokehouse varieties. At the time of 
spraying the fruit buds on all varieties 
except Wealthy, were in full delayed dor- 
mant stage. The composition of the sprays 
is given in table 1. 

APHIDS. were quite 
abundant on Starr and Gravenstein and 
were present only in small numbers on the 
other varieties, observations on the ceon- 
trol of this insect were limited to these 
two varieties. Counts of live aphids were 
made April 4 by Ginsburg; April 6 by 
Driggers; April 11 by O'Neill and April 18 


by Ginsburg and Driggers,t giving a to- 


since aphid egys 


t The write tukes this opportunit ss lus indebted 


to expre 
ress te Dr. BOF. Drigvers and Mr. W. J. O'Neill f thei ilu 
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tal of 500 fruit spurs of each variety in 
each block. No distinction was made in 
this series of tests between apple-grain 
aphid, Rhopalosiphum prunifoliae (Fitch), 
apple aphid, Aphis pomi DeG., and rosy 
apple aphid, Anuraphis roseus (Baker), all 
being counted together. The data, pre- 
sented in table 1, while showing high 
aphid control with all four sprays as com- 
pared with the checks, indicate slightly 


Table 1.—Effect of tar oil sprays on aphids, 
applied at the delayed-dormant stage in 1938; 
500 fruit spurs of each variety, in each block, 
were examined. 





Per Cent Spurs FREE OF 
APHIDS 


COMPOSITION OF Graven- 


SPRAY Starr stein Average 

Petroleum oil 3% 

Cresylic acid 0.5% 96 100 98 
Petroleum oil 807 

Tar oil* 0.5% 92 98 95 
Petroleum oil 3°; 

Tar oil 1% 98 100 99 
Petroleum oil 37 

Tar oil 20, 99 100 99.5 
Not sprayed 839.4 29 34.2 





* A home-made preparation of tar oil containing 20 per cent 
ur acids 


lower results for the 0.5 per cent tar oil in 
one test than for the other three sprays, 
on each of the two varieties of apple trees. 
Rep Mire.—While it is a well estab- 
lished fact that 3 per cent petroleum oil, 
either by itself or in combination with 
cresylic acid, efficiently controls European 
red mite, Paratetranychus pilosus (C. & 
F.), as shown by Hamilton (1924), and 
Headlee & Ginsburg (1929), it was con- 
sidered advisable to verify the efficiency 
of the spray combinations used in this in- 
vestigation for controlling this insect. 
\bout 200 leaves from each block of Starr 
trees were examined, for this arthropod. 
On the check block 58 live mites were 
counted, whereas none were found on the 
sprayed blocks. Apparently the petroleum- 
tar oil mixture. proved to be as effective 
as the petroleum-cresylic acid spray. 
Injury TO Bups.—Injury to advanced 


fruit buds, primarily where the tips were 
already showing green, appeared from all 
spray mixtures within 48 hours after ap- 


b42 


plication. This injury, while causing no 
significant damage, was most pronounced 
on Starrs and Gravenstein, was moderate 
on Smokehouse and Wealthy and was 
practically absent on Williams. Distinct 
retardation in the development of fruit 
buds on all varieties was produced by the 
two higher concentrations of tar oil, this 
being most evident on trees sprayed with 

Table 2.—Effect of different concentrations of 
tar oil in 3 per cent petroleum oil sprays on 
aphids in 1939; 200 fruit spurs of each variety in 
each block were examined. 





Per Cent Seurs Faee eromw Live Apuips 
Opalescent Grravenstein Average 
COMPOSITION All Ros All Ross ill 

OF SPRAY Aphids Aphids Aphids Aphids counts 
Delaved Dormant 

Cresylic acid 0.5 980 04.5 os 0 o3.5 96.0 

Tar oil 0.5 06.5 S65 7.0 85.0 91.0 

lar oil 0.66 100.0 Os 5 Os 5 o4.0 O78 

Dormant 
lar oil 25 10 0 100.0 OOo 0 oo 0 1000 





2 per cent of this chemical. The effect of 
the retardation in growth was still notice- 
able as late as April 28, the trees receiving 
the 2 per cent tar oil spray showing many 
partially developed and dead lateral fruit 
buds. No retardation was noticed from 
sprays containing either 0.5 per cent tar 
oil or 0.5 per cent cresylic acid. 
EXPERIMENTS IN 1939.— In order to ob- 
tain more definite information concerning 
the possibility of replacing cresylic acid 
with low concentrations of tar oil, the fol- 
lowing sprays were applied on four blocks 
of apple trees. A dormant spray contain- 
ing 3 per cent petroleum oil and 2.5 per 
cent tar oil, three delayed dormant sprays 
containing 3 per cent petroleum oil with 
1) 0.5 per cent cresylic acid; (2) 0.5 per 
cent tar oil: and (3) 0.66 per cent tar oil. 
Each block contained the following varie- 
ties: 2 Opalescent, 5 Gravenstein, 3 
Wealthy and 3 Williams. While all varie- 
ties were sprayed for the purpose of study- 
ing possible injurious effect, only Opales- 
cent and Gravenstein were kept under ob- 
servation for aphid control. The dormant 
spray was applied on March 21 and the 
delaved dormant sprays on April 4. The 
the spray mixtures is 
~ 


composition of 
shown in table 

Apuip CONTROL. 
of live aphids were made on April 24, 
when the buds were in full pink stage, and 
of rosy aphids only on June 12. The re- 
sults presented in table 2 show that the 


Counts of all species 
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dormant spray produced 100 per cent 
control of all aphids, on both varieties of 
trees. Of the delayed dormant sprays, the 
one containing 0.66 per cent tar oil proved 
as effective as the spray containing 0.5 per 
cent cresylic acid, averaging 97.8 per cent 
control for all species of aphids. It appears 
from these results that eggs of rosy aphid 
are somewhat more resistant to delayed 
dormant sprays than are the eggs of the 
apple-grain aphid, and green aphid. 
INsury.— Neither bud retardation nor 
injury of any kind could be noticed on 
trees which received the dormant spray 
while slight scorching to tips of well ad- 
vanced fruit buds appeared in all the de- 
laved dormant blocks within one or two 
days after spraying. However, at the time 
when the aphid counts were made this in- 
jury was hardly noticeable and it had, ap- 
parently, no deleterious effect on fruit bud 
development and leaf growth. In general, 
the injury from the 0.66 per cent tar oil 
Was no worse than that usually occurring 
from the 0.5 per cent cresylic acid, 
SUMMARY AND = CONCLUSIONS. —Or- 
chard experiments were conducted during 
1938 and 1939 on several varieties of apple 
trees with delayed dormant sprays con- 
sisting of 3 per cent petroleum oil com- 
bined with various concentrations of tar 
oil to kill the eggs of aphids and European 
red mite. These sprays were compared 
with a dormant spray of 3 per cent petro- 
leum oil and 2.5 per cent tar oil, and witha 
delayed dormant spray of 3 per cent pe- 
troleum oil and 0.5 per cent cresylic aeid. 
The purpose of this investigation was to 
determine the minimum concentration of 
tar oil necessary to be added to the petro- 
leum oil in order to obtain about the same 
control of aphids as with 0.5 per cent 
cresylic acid, without injury to the buds. 
The addition of 0.66 per cent tar oil 
gave as good control of all species of apple 
aphids as did the addition of 0.5 per cent 
cresylic acid with no greater injury to the 
buds. Kgys of rOSYV aphids were more re- 
sistant to control by delayed dormant 
sprays than by dormant sprays. Delayed 
dormant sprays containing | per cent or 
more tar oil retarded the development of 
fruit buds in general, and severely in- 
jured many lateral buds. The addition of 
tar oil at the delayed dormant stage did 
not interfere with the efficiency of petro- 
leum oil in control of European red mite. 
1-66-40. 
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Technique in Control Experiments with Apple Aphids 


( R. Ct raicut, Ohio 


In any effort to secure adequate and ac- 
curate data, the importance of good tech- 
nique cannot be overemphasized. Criteria 
for good biological technique are, first, the 
technique must be natural; that is, the 
conditions of the experiment must ap- 
proximate those of nature; second, it must 
be simple, not encumbered with unneces- 
sary details which require needless labor. 
At the present time many excellent tech- 
niques are employed in’ entomological 
work, but there are relatively few that 
could not be improved either in natural- 
ness or in simplicity. This statement cer- 
tainly applies to the technique described 
in this paper, for the writer is sure that 
further improvements for it will be found. 


Space does not permit a history of the 


development of the technique now used 
at the Ohio Agricultural Experiment Sta- 
tion in control experiments with apple 
aphids. This technique has been devel- 
oped gradually over a period of about 12 
vears, during which time the work has 
frequently dealt with species of aphids on 
other hosts. The species of apple aphids 
involved in the present experimental pro- 
gram are the apple-grain aphid, Rhopalo 
siphum prunifoliae Fitch): the rosy apple 
aphid, .tnuraphis roseus Baker; and the 
apple aphid, { phis DeGeer. All 
three species are common in Ohio, and the 


pommel 


last two are frequently SCTIOUS pests. 
TECHNIQUE IN OvicipaL Tests.—Since 
the eggs of apple aphids are found exposed 


on branches and twigs during the entire 


dormant period, it is logical that their de- 
struction should be attempted at that 
time. Several sprays have accomplished 


this successfully and have inspired the 


compounding of many new formulas that 


require testing. The research technique 


developed at the Ohio Station is as fol- 


lows. Any time from January to mid 


March, twigs infested with aphis eggs are 


{gricultural Experiment Station, Wooster, Ohio 


cut and brought to the laboratory where 
they are kept outdoors under natural con- 
ditions. In experimental setups the eggs of 
Aphis pomi are kept separate but no at- 
tempt is made to separate those of the 
other two species because they hatch at 
approximately the same rate under the 
different spray treatments used. Also, the 





Sections of apple twigs, infested with aphid 
that have been prepared for spraying. Note 
tanglefoot band on filled card. 


lack of distinct morphological characters 
makes their separation practically impos- 
sible. However, the relative ratio of the 
two species is usually determined later on 
the trees or on check lots by counts of the 
hatched stem mothers. 

Shortly before the eggs are counted, the 
infested twigs are cut in lengths of from 2 
to 3 inches. These are kept outdoors in 
screen baskets. At the time of counting, 
such a basket of twigs is placed outside a 
window, through which a few twigs at a 
time may be brought inside. Usually no 
more than can be handled in 5 minutes 
are taken. The normal appearing eggs on 
each twig are then counted under the bin- 
ocular microscope, after which the wood, 
if carrying more than four eggs, is impaled 
on a pin set upright through a corrugated 
cardboard base madeof two 4-inch squares 
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pinned together for extra rigidity. The 
number of twigs for each base will vary 
according to the 
Lengths of wood with fewer than four eggs 
are discarded. Frequently nine pinned 
twigs will carry enough eggs for one repli- 
eate, for which 75 to 100 eggs are consid- 
ered adequate. At times, however, 15 to 
20 pins will be needed. As each base or 
card is filled with infested twigs it is at 


abundance of eggs. 





Young stem-mother aphids trapped in 
tanglefoot band. 4 


Fic. 2 


once set outdoors or taken to a cold in 
sectary. Four replicates are used for each 
spray treatment. The treatments are ap- 
plied with a hand or small electric spray- 
er. Each treatment is put on during the 
period that similar sprays are being used 
in the orchard. 

As soon as the cardboard bases have 
dried after the spraying, a thin line of 
tanglefoot is placed around the margins 
and the eards are returned to the cold in- 
sectary. Here they must be protected 
from dust by a muslin or cheesecloth 
cover. When the eggs hatch the young 
stem mothers soon wander off the twigs 
and become stuck in the tanglefoot band. 
In this position they are easily counted 
under the binocular microscope. The rate 
and time of hatching are determined by 
daily counts on one or more check lots. 
When such counts indicate that hatching 
is complete, one count for every replicate 
completes the experiment. 

In following the foregoing laboratory 
procedure, the main point is to keep the 
eggs indoors for the shortest time POssl- 
ble. All Ww ho have done either biological or 
control work with aphid eggs agree on 
this point. 

Data secured by this procedure are uni 
form and agree closely with field results. 


Examples showing the type of data are 
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shown in table 1. It may be added also 
that the same technique works well with 
eggs of the European red mite and the 
apple leaf roller. 

In testing ovicidal treatments in the 
field, the conventional spray procedure is 
followed except that single tree plots, rep- 
licated from six to nine times, are used. 
The various sprays are applied, each in its 
appropriate season, but no immediate at- 
tempt is made to obtain records. These 
are made from 4 to 8 weeks later by check- 
ing the rate and degree of infestation on a 
given number of terminals per tree. This 
method has proved to be both accurate 
and labor saving. 


Testing Marertacs AGainst Active 
APHIDS. Whereas the testing of ovicidal 
materials concerned the eggs of all three 


species common to apple, the technique 
developed for use with living forms has 
been applied against the apple aphid only, 
The rOosyv aphid, because of curled foliage, 
and the apple-grain aphid, 
early migration, are not suitable for this 
type of work. Much laboratory work with 
1. pom? has been done by using either in- 


because of 


fested terminals set in small water con- 
tainers or single leaves and terminal tips 
on stretched cheesecloth under large petri 
plates. This technique Is frequently re- 
ferred to as the embroidery ring petri 
plate method. It Was le veloped by Ir. H. 


EF. Dietz and his associates at the Ohio 


Table 1.—Ovicidal tests: Percentage of eggs 
hatching—1939. 








Rerwus me Ne 
Miarerial 
No \ B ( 1) Mia 
l “ i) “ ] “ 
2 2h 2) 41 4) 24.0 
, 1] aD) 9 iD woo 
Check 6 71 ¥ 4 oe 72.0 
Station between 1980 and 1985 and is 


widely used with many aphid species. It 
has been used with of. poms but owing to 
the stem feeding habit of this species the 
method does not work as well with it as 
for leaf-feeding forms. 

At the present time the technique in 
use at the Ohio Station with of. pom: may 
be called a field laboratory method. This 
dual procedure for each material under 
investigation requires four or more one- 
tree plots, each of which is a replicate for 


a combined field-laboratory and field 
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test. In both tests, a standard power 
sprayer equipped with spray gun Is used 
for applying the spray materials. 

For the field-laboratory test, several 
terminals are cut from each tree before 
it is sprayed and these are placed in vials 
contaiming water. Each twig is slowly re 
volved, at a distance of about 5 feet from 
the spray gun, and sprayed. This plan en 
sures thorough coverage and does not 


Table 2.—Field-laberatory and field tests with 
Aphis pomi—1938. 





l VMOKATORY Kiet ) 
Pest Fieup Test 

Pest No Per Cent No Per Cent 
No \pl ids Dead Aph ds Dead 
$1 1768S gs 1387 S 

re) rol ow 1739 99 

ma) SS] 99 es i2 SS 

tt roo hoo Iso 9 





mechanically disturb the aphid colony. 
\fter the spraying, the twigs are tagged, 
and placed in racks, in the outdoor in 
sectary. Frequently, paper collars are 
placed around the twigs so that falling 
aphids will not be lost. Counts of the liv 
ing and dead aphids on the twig-comple 
ment from each tree are made at the end 
of 24- and 48-hour periods. The combined 
records of the aphids on all twigs from a 
given tree constitute a single replicate 
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After the cut terminals have been 
sprayed, the entire tree is thoroughly 
sprayed according to the best orchard 
practice. This is the field test. Before 
spraying, however, infested terminals 
scattered over the tree are selected and 
tagged. Each tag is marked with the esti- 
mated aphid population. This record is 
made to check against the possible loss of 
aphids by dropping after the spraying has 
heen done. 

Twenty-four or 48 hours after spraying, 
the trees are visited and several of the 
tagged terminals are cut off, placed in in- 
dividual paper bags, and carried to the 
laboratory for examination and counts. 
Combining the data from the laboratory 
and the field procedure gives an adequate 
picture of the performance of the material. 
Table 2 gives an example of the type of 
data that may be expected from this tech- 
nique. 

As indicated by table 2, the field-labo- 
ratory test gives the spray material every 
chance to prove its effectiveness, whereas 
the field test is much more severe. When 
the two tests are conducted simultaneous- 
ly, a double check is obtained on any ma- 
terial under investigation. 

The technique which has been deseribed 
permits a considerable increase in the 
number of tests possible, and the collee- 
tion of data of greater quantity and better 
quality from each.— 1-6-40. 


Comstock’s Mealybug on Apple and Catalpa 


Javues A. ( \ | nia A 


Comstoek’'s mealvbug, Psendococcus 
comstock: WKuwana, attacks a wide range 
of host plants but in Virginia is considered 
lo be a pest on catalpa and apple only. 
Hough (1925) reported the inseet as a se 
rious pest of umbrella catalpa. He also 
stated that the mealybug was common on 
apples and that frequently adult females 
were found OV Ipositing in the stem end of 
York Imperial apples but did not damage 
the fruit in any way. In 1984 Woodside 
1986) found Comstock’s mealybug to be 
a serious pest of apples in’ Albemarle 
County, Virginia, and reported that as 
much as 50 per cent of the fruit) was 
damaged in heavily infested areas. Since 
the mealybug has been present on apple 
for a number of years but did not cause 





I Experiment Station, Blacksburg 


any appreciable damage until 1934, it ap- 
pears that in recent years conditions have 
hecome favorable for its development on 
this host. Mealvbugs collected from ca- 
talpa and apple have recently been deter- 
mined as the same species, P?. comstocki, 
by Harold Morrison of the Bureau of En- 
tomology and Plant Quarantine. 
DistrinutTion.— While scouting to de- 
termine the exact limits of the area in- 
fested by the mealybug has not been done, 
information accumulated during the last 
vears shows that the insect is now present 
in many of the apple-growing regions of 
the State. It was found in 1936 near Roa- 
noke and Winchester where it caused seri- 
ous damage to the fruit in a few apple or- 
chards. In 1987 the mealybug caused 
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little injury to apples at Crozet and Roa- 
noke but at Winchester the injury was se- 
vere ina few orchards. During 19388 it was 
present in several orchards at Crozet, Ro 
anoke, and Winchester but caused very 
little injury to the fruit. In 1939 it severe 
lv injured the apples in several orchards at 
Crozet, Roanoke, and Winchester; in the 
heavily infested areas as much as 50 per 
cent of the apple crop was damaged by the 
insect. 

Natural Enemies.— During 1989 the 
following species of hymenopterous para 
sites were reared from Comstock’s mealy- 
bug: Clausenia purpurea Ishii,* Thysanus 
nigra Ashm..* Thysanus elongatus Gir.,* 
Pachyneuron altiscuta How..* and Lyqo- 
cCeTUS sp.T Of these C. purpurea was the 
most important. This species was de- 
scribed in 1928 by Ishii from material 
reared from P se udococcus sp. on citrus. It 
had not been recorded from the United 
States but had apparently accompanied 
its host when the latter became estab 
lished in this country 

In a studs of the biology of Clausenia 
purpurea, an attempt was made to deter- 
mine the percentage of mealybugs para 
sitized hy it. Mealvbugs collected from 
apple and catalpa were dissected and a 
record was kept of the number containing 
parasite larvae. In an orchard in the vi 
cinity of Roanoke where the mealybug 
had been present for years, the parasitism 
was as follows: first brood, 4 per cent; see 
ond brood, 14 per cent; and third brood, 
t+ per cent. In another orchard in that lo 
cality the parasitism for the third brood 
was 20 per cent. Near Crozet the parasit 
ism in one collection for the third brood on 
apple was as follows: Orchard number 1, 
70 per cent; orchard number 2, 26° per 
cent; and orchard number 3, 5 per cent 
In Salem the third brood of mealybugs 
from catalpa was 9f per cent parasitized 

It is unfortunate that more information 
isnot available on the parasitism through 
out the season on apple and catalpa; how 
ever the data from apple incieate that the 
parasitism of the first brood is low and 
that it gradually increases during the cde 
ve lopment of the second and third broods 
The low parasitism of the first two broods 
rats be due to high mortality of the para 
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sites during the winter or to the killing of 
parasites by the insecticides and fungi- 
cides used in apple orchards. 

An undetermined fungus destroyed a 
large number of mealybugs on certain 
catalpa trees, but very few of the mealy- 
bugs on apple have been found attacked 
by the fungus. The small number of 
mealybugs infected with the fungus in ap- 
ple orchards ts probably due to the pres- 
ence of a fungicide on the apple trees, 
whereas catalpa trees are rarely sprayed 
with a fungicide. 

MeratyeuG INFESTATION AND OrncHARD 
MANAGEMENT. — In orchard 
management, the apple orchards in Vir- 
vinia may be divided into three classes: 
Those that both the standard 
spray treatment and annual applications 
those that re- 
ceive one or two arsenical sprays and no 
fertilizers: that are neither 
spraved nor fertilized 


regard to 


recel\ e 
of mitrogenous fertilizers: 


and those 

There are several questions concerning 
the mealybug infestation in relation to or- 
chard management that can be answered 
only after more study. Observations dur- 
ing 1989, however, indicate that the or- 
chards of the first class were more heavily 
infested with mealybugs than orchards of 
the other In several 
commercial orchards which had received 
the recommended applications of fertilizer 


classes instances 


and had been sprayed according to the 
spray schedule were heavily infested, 
whereas in adjoining orchards which had 
received only one or two sprays and no 
fertilizer, the mealvbugs, though present, 
caused no damage to the fruit. To what 
extent the annual application of fertilizers 
affects the infestation of mealvbugs can- 
not be definitely stated. However, from 
the information we have, it appears that 
nitrogenous fertilizers produce a condi- 
tion which Is favorable for thr develop- 
ment of the mealybug 

SUMMARY Comstock’s mealybug, 
P se udococcus comstock 
a wide range of host plants but in Virginia 
isa pest of apple and catalpa only. It has 
been known as a pest of eatalpa since 1925 


Kuwana, attacks 


and was first found causing damage to ap- 
ple in 1994. The insect is now a pest in 
many orchards in some of the principal 


apple-growing regions of Virginia. 

The heaviest infestations of mealybugs 
were found in commercial orchards that 
had been thoroughly spraved and had re- 
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ceived annual applications of fertilizer. In 
adjoining orchards that were not fert lized 
and had received only one or two arsenical 
sprays, a few mealybugs were present but 
thev did not cause any injury to the fruit. 

The following species of parasites were 
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reared from Comstock’s mealybug: Clau- 
senia purpurea Ishii, Thysanus nigra 
Ashm., 7. elongatus Gir., Pachyneuron al- 
tiscuta How., and Lygocerus sp. C. pur- 
purea was the most important parasite 
reared. —-1-6-40. 
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Spray Residue and Substitutes for Lead Arsenate 
in Control of Cherry Fruitflies 


D. W. Hasaerosx, (2S. Department of Agriculture 


For a number of years commercial con 
trol of the cherry fruitfly Rhagoletis 
cingulata (Loew)) and the black cherry 
fruitfly (R. fausta (O.S.)) has been main 
tained in the Hudson River Valley hy the 
method reported hy Glasgow and Gam 
brell (1926). This method consists of two 
spray applications of lead arsenate (25 
pounds per 100 gallons) during the time 
adult fruitflies are emerging. Control is 
accomplished by poisoning the flies dur- 
ing their preoviposition period, that ts, 
within 10 to 12 days after they emerge 
from the soil. While this program has re 
sulted in adequate control of both species 
of fruitflies, considerable difficulty with 
excessive residues of lead and arsenic has 
been encountered in recent vears by grow 
ers using this schedule, especially in the 
case of cherries to be marketed as fresh 
fruit. The results of preliminary studies of 
spray residues resulting from various pro 
grams have already been reported (Ham 
ilton & Pearce 1988). These workers con 
cluded that when 2) pounds of lead ar 
senate per 100 gallons is used in the true 
shuck-fall spray the use of any arsenical 
in sprays thereafter is likely to cause ex- 
cessive residue loads at harvest. It was 
also noted that when only 1 pound of lead 
arsenate per 100 gallons is used in the true 
shuck-fall application additional light 


* These st lies were nducted y™ t vil the Ne 
York State Agricult Experiment Stat G I 
write part | ted Pr. J. ¢ iu 
Clase st 1 
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dosages of arsenicals can still be applied 
early in June. Glasgow (1935) recognized 
the difficulties encountered with lead ar- 
senate and tested possible substitutes. 
These tests indicated that derris contain- 
ing + per cent of rotenone could be used 
satisfactorily in place of lead arsenate. 
Studies to determine the kind, date of ap- 
plication, and quantity of arsenical that 
can be safely applied to cherries without 
causing residues above the tolerances at 
harvest were conducted by the writer in 
Columbia County, New York, from 1937 
through 1939. Field tests of materials that 
might possibly be used as lead arsenate 
substitutes to control cherry fruitflies 
were also made during this period. 

SprAY-Resipvue Strupies.— Data from 
certain representative plots included in 
the spray-residue studies are presented in 
table 1. 

Lead residues ranged from 0.007 to 
0.024 grain per pound of fruit in plots re- 
ceiving 23 pounds of lead arsenate per 100 
gallons of spray at shuck fall only. This 
variation was influenced by the variety 
and the rainfall, and indirectly by the 
growth of the fruit. In no instance did the 
residue exceed the tolerance of 0.025 grain 
per pound of fruit. Where only 1 pound of 
lead arsenate was used per 100 gallons of 
spray at shuck fall, at least one spray con- 
taining | pound of basic zine arsenate per 
100 gallons could be safely applied during 
June. 


Calcium arsenate was also used in cer- 


i 
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Table 1.—Spray residues on cherries 
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tain of the residue ¢ xperiment plots This 
material caused so much foliage and “dry 
stem” injury that the advisability of its 
use for cherry fruitfly control is questiona- 
ble. 

Marertats Testep ror Controt 
Fures.—During each of the three 
experiments were conducted with cubé 


or 


years 





e placed under 
s 10 b 


Emerven € Cay 


Fig. 1 


renecy 


" Viontn 0 


herry tree ive W lity 3 feet 


root, containing approximately » per cent 
of rotenone, and with phenothiazine. Ba- 
sie zine arsenate was used in 1938. The 
phenothiazine dust was prepared by a 
commercial micronizing process with wal 
nut-shell flour and sulfur. In) most in 
stances soybean flour was used at the rate 
of 4 pound per LOO gallons as a spreader 
and sticker and seemed to be satisfac tory 
for this purpose. A commercial spreader 
which seemed to be composed primarily 
of oil was used in a few treatments 

In the residue experiments hydrated 
lime Wis used with the arseni¢ als in qual 


2 vallons per 
was used as a fungicide in shuck-fall 
In 1957 and 1938 flotation 
G pounds per 100 gallons 
was added to the maggot sprays. Pow 
dered skim milk (one-half pound per 100 
gallons) was used as a spreader and stick- 
er. Wettable sulfur (4 pounds per 100 gal 
lons and soybean Hour One half pound 
per 100 gallons used in the maggot 
sprays during 1939 

Tyres or Orcnarps Usep 
adult flies have 
distances, the 
ings, or extremely 


parts. Liquid lime-sulfur 
Loo 
applications 
sulfur paste 


were 


Since the 
a tendency to travel long 
selection of isolated plant 


blocks of still 


larger plantings, foreach treatment ts nee- 


large 


essary to prevent adults flying in from 
untreated plantings and ovipositing by 
fore they feed and ure killed by thee Polson 
Although this method does not 
against the 


present. 
allow for an untreated check 
treatment has be 
peatedly that orchards heavily infested 
with fruitflies continue to remain so until 
the Vv are thoroughly treated with an effee- 
tive material. A further cheek is obtained 
hy covering the soil under one of the trees 


used, it i obs rved re 


in each orchard with an aster-cloth emer 


genee cage (Fig. 1) and determining the 
actual number of flies emerging. This 
vives some idea of the infestation that 


would probably deve lop in the absence of 
treatment. 


Puy EmMercence And Timing. ot 
SPRAYS. since cubé root and phenothia- 
zine are not so stable as lead arsenate, it 


was especially important to time their ap 
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plication in_ accordance with fruitfly 
emergence. This was done by the use of 
the emergence cage already mentioned 
(Fig. 1). In Columbia County, N. Y., 
emergence of the black cherry fruit fly he- 
gins about May 30, reaches a peak be- 
tween May 31 and June 5, and ceases 
about June 14. That of the cherry fruitfly 
begins about June 4, reaches a peak from 
June 10 to June 20, and ceases about July 
1. The black cherry fruitfly was found in 
6 of the 16 orchards in which cages were 
placed. Not any of the 6 orchards included 
English Morello cherries. This variety 
mav mature too late in the season to be- 
come infested by this species. The cherry 
fruitfly was found in all the 16 orchards. 

If the black cherry fruitfly is present in 
large enough numbers to be injurious, the 
first maggot spray should be applied 
about June 4. When only the cherry fruit 
fly is present the first spray may be de 
layed until about June 11 in the locality 
where this work has been carried on. Since 
both phenothiazine and cubé root weather 
rapidly, applications were made 8 to 10 
days apart until fly emergence was over. 
When heavy rains occurred more frequent 
applications were necessary. 

Metuop or Estimating Resuutrs.—It 
was necessary to develop a method of es 
timating the infestation that was not too 
time-consuming. This was done by select 
ing two trees at random in each orchard 
and carefully picking all fruit from them 
prior to the time mature maggots began 
leaving the cherries. Three 1-pound sam- 
ples of cherries from each tree were then 
counted to determine the number of fruits 
per pound. Then the total crop from each 
tree was weighed and the number of cher- 
nes per tree estimated. The fruit was then 
placed in rodent-tight’ trays (Fig. 2 
which had bottoms constructed of hard 
ware cloth and were originally designed 
by the New York State Agricultural Ex 
periment Station for use in apple maggot 
investigations. The trays were placed over 
pans of water (Fig. 2), and the larvae 
emerging from the cherries dropped into 
the water and drowned. The water from 
these pans Was strained twice weekly and 
the maggots were counted. The rate of 
infestation was then determined as the 
number of maggots per 100 fruits and the 
number of maggots per tree. The results 
would have been more accurate if more 
trees could have been used for infestation 
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records from each planting, but the num- 
ber used was limited by the amount of 
equipment and space available for collect- 
ing the emerging maggots. 

Resuits or Tests OF SUBSTITUTES.— 
A summary of the materials used and the 
results obtained with substitute materials 
is given in table 2. 





Fig. 2.-Tray used to rear out maggots of cherry 

fruitflies. The top and bottom are made of 2-mesh 

yvalvanized hardware cloth and prevent rodents 

from feeding on the maggots. Mature maggots drop 

through the cloth into a pan of water, which is 

strained to recover them. Each tray held from 10 to 
15 pounds of cherries 


In the tests of cubé root the number of 
maggots per tree ranged from 5 to 90, and 
the estimated number of maggots per 100 
fruits ranged from 0.07 to 1.38. Reeords 
from the emergence cages erected in these 
plots indicated that enough flies were 
present so that much heavier infestations 
would have occurred if the control meas- 
ures had not been effective. On English 
Morello cherries less injury in the form of 
“dry stem” occurred where cubé root was 
used than where even 1 pound of lead ar- 
senate per 100 gallons was used. 

The experiments conducted with phe- 
nothiazine in 1937 and 1938 indicated 
that phenothiazine was as effective as 
cubé root when the same dosages and 
number of treatments were used. The high 
infestation in test 4 (318 maggots per tree 
and 4.56 per 100 fruits) was attributed to 
the omission of the third maggot spray. 
In 1939 phenothiazine was compared 
more directly with cubé root by using the 
two materials in the same orchard (Tests 
lO and 12). In this orchard the phenothia- 
zine plot had 1.24 maggots per 100 fruits 
as compared with 0.07 maggot per 100 





a 
u 
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fruits for the cubé root. Perhaps this was 
because during 1939 the rainfall was less, 
or it may have been that the initial infes- 
tation in the part of the orchard treated 
with phenothiazine was greater. A 15 per 
cent phenothiazine dust reduced a previ- 
ously heavy infestation to 0.90 maggot 
per 100 fruits, or only 30 maggots per tree. 
In the dusted orchard less phenothiazine 
was deposited than in a similar orchard 
sprayed with | pound of phenothiazine 
per 100 gallons, according to the analyses 
made by the Division of Insecticide In- 


Table 2.—Summary of field experiments with 
River Valley, N. Y., 1937 39. 
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to reduce a previously heavy infestation 
to 3.21 maggots per 100 fruits. Although 
this cannot be considered satisfactory 
control, it was evident that the treatment 
had a certain of effectiveness. 
However, on such varieties as english 
Morello, where only | pound of arsenieal 
per 100 gallons is applied at shuck fall, 
zinc arsenate could be substituted for 
cubé root at the rate of 1 pound per 100 
gallons in the first maggot spray, thus 
reducing the number of cubé applications 
needed and the cost of the program. 


degree 


insecticides for control of cherry fruitflies Hudson 








NUMBER AVERAGI AVERAGI AVERAGE 
or NUMBER OF NUMBER OF NUMBER oF 
Test Appuica- Froirs pen Maccors Maccors per 
No YEAR VIATERIALS* rloNs Pret ren Tres 100 Frorrs** 
I 
Variety Montmorency 
l 1938 Cubé root (4.45, rotenone 2 Ibs 2 556 r 1.38 
» 1989 Cubé root (4.4°, rotenone 2 Ibs ; ; OS 6 0.37 
, 1987 Phenothiazine 25 Ihs ; ,, 106 ) Oo. 
t 1958 Phenothiazine 2 Ibs 4 b. G17 1S +. Ob 
) 1so Phenot hiazine 2 Ibs , 109 It Oo Ww 
6 1939 Phenot hiazine 1 Ib ; 6.614 ISS 2 6S 
4 1989 Phenothiazine dust 15 per cent] > GSI aD O90 
Variety English Morello 
Ss 1937 Cubé root (5.5' rotenone 2} Ibs > 7,199 a O55 
9 LOSS Cubé root (4.4°, rotenone 2 Ibs } 7.573 ww 1.18 
10 base Cubé root 4.7 rotenone 2 Ibs , S151 ) O07 
11 1938 Phenothiazine 2 Ibs } >, S08 Is O.S1 
12 19so Phenothiazine 2 Ibs } 10.255 125 ].24 
1S 1958 Basic zine arsenate 1 lb. and } Ib 2 > O00 122 § 21 
* Quantitic r 100 gallons of spra i In most ta sovbean fl were 
sedi as sticker and tung le during 1937 1193S. During 1939 sovl i leur ‘ and 
\ commercial spreader (1 pint) was used in tests 2 5 
** Lnweighted average 
t Determin ' ‘ 1h n I le I BK I Plat 
Qluarantin 
Du r , ent phet 251 t wal ell flour, and 60 px. t« i iD essed ! ng 


vestigations of the Bureau. However, the 
control appeared to be greater where the 
dust was used. The dust was apparently 
less effective than a spray containing 2 
pounds of phenothiazine in 100 gallons. 
One pound of phenothiazine in 100 gal- 
lons of spray did not adequately control 
the fruitfly (Test 6, Table 2). Conse- 
quently the minimum quantity of pheno- 
thiazine that he effectively 
appears to be 2 pounds per 100 gallons. 


can used 
Phenothiazine is not so pleasant to use 
as cubé root because it burns the skin of 
those working with it. 

Basic zine arsenate applied in 1938 at 
a strength of 1 pound per 100 gallons in 


the first maggot spray and one-half 


pound in the second application appeared 


The insecticides seemed to stick better 
with flotation sulfur paste as the fungi- 
cide than with wettable sulfur. Flotation 
sulfur paste left a heavy visible residue 
when used just before harvest. 

SumMaArRyY.— Lead arsenate 
used effectively to control cherry fruit- 
flies, but 
tolerances at harvest. Analy ses of cherries 
show that when lead arsenate is used at 
pounds per 100 gallons of 


hats been 


residues have been above the 


the rate of 23 
spray at shuck fall, the use of arsenicals 
in the maggot sprays will create excessive 
residues. Where danger of arsenical injury 
prevents the use of more than | pound of 
lead arsenate per 100 gallons at  shuck 
fall, a pound of basic zine arsenate may 
be applied in the first maggot spray. 
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Field experiments were carried on with rearing out all maggots from certain 
cubé root and phenothiazine as possible — trees, was developed. 
substitutes for arsenicals for the control Both cubé root and phenothiazine re- 
of cherry fruitflies. Because of the habits duced heavy populations of  fruitflies 
of the flies it was necessary to spray large — satisfactorily when at least three applica- 
blocks of big plantings or use isolated tions were made at the rate of 2 pounds 
plantings for tests of spray treatments. per 100 gallons of spray. In one test a 15 
Since cubé root and phenothiazine weather — per cent phenothiazine dust appeared to 
rapidly, their application was closely be nearly as effective as these sprays. 
timed according to the species of fruit- Basie zine arsenate only partially con- 
flies present and the time of their emer- trolled cherry fruitflies when two light 
gence. A satisfactory method for making applications were made.—1-6-40. 
infestation records, which consisted of 
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(Control of Plum Curculio on Peach in Illinois 


S.C. Cuanpier, Carbondale. [llinots 


Peach growers in [Hlinois and surround- Lead arsenate oil dust 1109 leaves 
ing states depend almost entirely upon Lead arsenate spray 3144 leaves 
spraying and dusting to control the plum This shows that about three times as 
curculto, (onotrachelus ne nuphar Hhbst.). many leaves dropped from trees sprayed 
Commercial jarring and removal of — with lead arsenate as from those dusted, 
wormy drop peaches, commonly prac- and four times as many as from untreated 


ticed in the southeast, are not considered — trees. Very similar counts were secured in 
by them to be practical in Hlinois. For 1988. 
this reason we have made a study over a This year, to combat a threatened in- 
period of years to find the most efficient crease in curculios, several growers used 
and the safest polson to use, and the best, excessive and unwarranted numbers of oil 
times and places to use it. dust applications; five to ten. The result 
Founace INsery Srupies.—This year, was considerable arsenical injury as was 
as well as in the past, arsenical sprays to be expected. 
produced more injury than arsenical oil CRYOLITE, CONTROL AND INJURY TEsTs. 
dusts where the same number of each Because of lack of injury to foliage 
was applied. The sprays were used at the — and the general interest by peach growers 
rate of 3 pounds of lead arsenate in 100) in the use of synthetic eryolite, we con- 
gallons with zine sulfate lime as a buffer, dueted studies on control and possible 
about 3 gallons applied to each mature fruit’ injury. Very unfavorable results 


tree, and the oil dusts at the rate of three- | with synthetic eryolite had been reported 
quarters ounce per tree, the dust contain- — to us by Oliver I Snapp, in Georgia, and 


ing 10 per cent lead arsenate. Synthetic our own earlier tests with the natural 
eryolite used at 4 pounds in 100 gallons in material were not promising. No notice- 
our tests, and by growers, has never pro- — able injury was observed until the season 
duced foliage injury but has injured the of 1989 when injury was found quite 
fruit. The average number of drop leaves — generally in the few orchards in which 


per tree in our plots in 1989 was as fol- — eryolite was tried. As many of these as 
lows: possible were examined at harvest and 
Checks, no treatment 815 leaves counts made of wormy and injured fruit. 


Crvolite 772 leaves Four orchards were found in which there 
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were comparable blocks, which had _ re- 
ceived the same number of 
dusts of each material, which had been 
apparently subjected to equal attack by 
the plum cureulio. The results of these 
examinations at harvest given in 
table 1. Our own tests with synthetic 
eryolite began in 1938 and final counts 
are also included in this table and listed 


No. ). 


are 





as Orchard These are averages 
fer 1988 and 1989, whereas Orchards 1 
to 4. growers tests, are for this season 
only. 
Table 1.—Tests with synthetic cryolite on 
peaches. 
Per Cent Peacues 
Wormy Per Cent 
Fr tl I. 
OncHARD Lead Crvo URED BY 
NUMBER arsenate lite (Cheeks CRYOLITE 
l 1.7 1.7 1OL0 
? 1.7 7.0 1.0 
% i So.2 si. 
} 6 2 17.2 14.6 
> ,.s to 11S 1.4 
\veraue | ) yo 14.5 11.6 





This table shows quite variable results 
both as regards control and injury, but 
averages show eryolite in a very unfavor 
able light “as compared with lead arsenate. 
We conclude from these tests and from 
the similar experiments by Mr. Snapp 
that eryolite is a risky and unreliable 
substitute for lead arsenate for curculio 
control on peaches 

ControLt Tests with Om Dest 
Eliminating eryolite we return to the 
safer of the two methods of apply ing lead 
Oil dust has 
been used on peaches in Hines since 
1929. For 8 years we have had tests com 


arsenate, the use of oil dust 


paring liquid and oil dust using the former 
at 3 pounds to 100 gallons, 3 to 4 gallons 
per tree, and the oil dust at a 10 per cent 
strength of the potson in a dust containing 
5 per cent oil with sulfur tale and lime 
using about three-fourths pound dust per 
tree. From 2 to t applications of each ma 
terial were given, depending upon infesta- 
tion. The results of these tests are sum 
marized in table 2. 
This shows less than 5 per cent differ 
ence in wormy fruit over a period of eight 


SCASOTIS 
CONCENTRATION OF 
FESTED 


Porson IN IN 


\rEAsS.—Since some foliage in- 
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jury may occur even with oil dust where 
excessive numbers of applications are 
given, and since some growers are equipped 
only for spraying, it is important to apply 
poisons only where curculios are present 
in sufficient numbers. For this reason we 
have continued our studies with jarring 
to determine the plum 
curculio in peach orchards. For several 
vears jarring during the first part of the 
season has shown considerably more cur- 


occurrence = of 


culios in the outer rows of the orchard 
than farther in. On the strength of such 
data two growers were induced in 1988 
to agree to jar for curculio and to poison 
according to their findings. The first 
grower, finding most of his curculios in 
the first four rows, dusted a forty-aere or- 
chard only once, over the entire area, 
and three times in the outer four rows 
with the result that his infestation at 
harvest, according to my counts was 0.2 
per cent in’ the the orchard 
where only one dusting had been applied 
and 0.6 per cent in the four outside rows 
which had three. A ton of oil 
dust was saved and possibly some ar- 


center of 


received 


senical injury was avoided. The other 
grower left 20 rows in the center with 
absolutely no poison and at harvest 


there was again found even fewer wormy 
peaches 0.5 per cent in the center, com- 
pared with 3 per cent in the outer rows 





Table 2.—Plum curculio control, 8-year 
average. 
Pree Cent 
Wormy 
Mirena Us Fro 
Lead arsenate spray, 3 pounds to Loo 
vallons 2.2 
Oildust with 10°, lead arsenate, 5°, oil 26 
Check plots, no treatment ae | 





\ consider 
Was 


which had been dusted twice 
able saving of materials 
effected. In 1939 trees were jarred at 
weekly intervals, from petal fall to har- 
vest, in the outside row next to 
and in the fifth row back from the edge. 
Ten trees were jarred cach time and the 
heetles counted and released. The entire 
orchard received three sprays. The data 


again 


al woods 


are shown in figure 1. For the entire 
scHson, three times as many curculios 


were jarred from the first row as from the 
fifth. It will be seen that there never was 
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a time throughout the season when the 
fifth row showed as many curculios as 
the outer row. Following the first’ big 
drop in numbers of curculios, which is 
normal to both sprayed and unsprayed 
orchards, there is a rise in numbers com- 
ing about a month before harvest. This 
is shown in the graph and represents the 
new brood of beetles. In Hlinois there is 
usually lit tle or no second brood produced 
by these beetles but they do feed and in 
occasional vears it has seemed advisable 
to poison for them. The jarring records 
shown in the graph indicate that even 
as late in the season as this, curculios 
have not migrated in any large numbers 
hevond the outer rows, and potsoning to 
be done at this time could be confined 
quite largely to these areas. Jarring in 
many other orchards shows that old apple 
orchards or ravines through the peach 
orchard, or neglected fence rows may be 
the source of the incoming cureulios, and 
growers should jar to determine the points 
of greatest abundance 

ConcLusions. Lead arsenate applied 
to peach in the form of oil dust usually 
produces much less injury than when ap- 
plied as a liqguid spray, but eCXCESSIVE 
numbers of dust applications, five or 
more, may cause serious injury. Eight 
seasons tests with oil dust containing 10 
per cent lead arsenate and 5 per cent oil 
show prac tically no difference in control 
of plum curculio from lead arsenate sprays 
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used at 3 pounds to 100 gallons. Cryolite 
is an unreliable and sometimes dangerous 
substitute for lead arsenate for control 
of plum curculio on peach. Jarring shows 
considerably more curculios at the edge 
of a peach orchard than are present even 














v4) 
at 
F M Q 
a ” 
— " 
. 
rN 
iy 
a" ‘ 
i \ f \ 
' — « 4% 
' Y \ aan 
/ v ‘ on 
’ a ¢ ™~ 
= 2 rT Mi oe beat ~ 
hic. 1. Plum curculios jarred from peach 


trees, 1959. 


a few rows in from the edge. The best 
procedure from the standpoint of econ- 
omy, efficiency and safety to fruit and 
foliage, is to use a minimum number of 
oil dust applications over the entire 
orchard with others at the edges or where 
jarring indicates abundance, and orchard 
tests show this procedure to be practical. 
1-6-40. 


further Studies of the Plum Curculio in the 


(,eorgia 


Quiver bosSvape, 0°. S. Depart tof Ag 


Although a comprehensive study of 
the life history and habits of the plum 
curculio in the Georgia peach belt) was 
made by the writer during the vears 1921 
24 (Snapp 1980), a need for additional 
information on certain phases of the 
biology of this insect has developed since 
this report Was published. \s there ts 
usually a large second generation of the 


plum curculio in central Georgia, studies 
were conducted during the period from 
1986 to 1989 to determine the percentage 
of first-brood females depositing eggs 
during the year of their emergence and to 





Peach Belt 


ire, Bureau of Entomology and Plant Quarantine 


obtain other data on the life history and 
habits of this insect. 

PERCENTAGE OF First-Broop- Fr- 
MALES Derpositinc EGos.—Studies were 
conducted during four seasons to deter- 
mine the percentage of first-brood females 
that deposited eggs. In 1987 and 19389 
the individual pairs used for this work 
were selected at intervals throughout the 
first-brood emergence period, the num- 
bers being as far as possible in proportion 
to the numbers emerging. In 1936 and 
1938 most pairs were from the earliest 
maturing portion of the brood. All females 
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Table 1.—Egg deposition by first-generation 
plum curculios during year of emergence at Fort 
Valley, Ga. 





FemMaLes Not 


DATE oF OviPosiTiING 

Num First FreMaLes 

BER OF Ovipo- Ovireos- With Eggs With 
Year Patrs stiTion ITING Formed No Eggs 
19386 302 June lt 48.7°; 0.7% 50.6 
1937 Ol Julv 6 70.0 0 S000 
1938 100) )=6June 15 71.0 , Oo 60 
19359 $+ June 2s 22.3 47.7 





that had not oviposited were dissected at 
the end of the season to determine whether 
or not they contained eggs. The results of 
these studies, which are presented in 
table 1, that one-half to three- 
fourths of the females deposited eggs. 
These findings substantiate observations 
in the field, where a second brood of plum 
ceurculio larvae damaged peaches of the 
late varieties each of these vears. In 2 of 
the 4 vears females not ovipositing were 
found to contain no mature or immature 
eggs and in the other 2 vears only 0.7 and 
$.0 per cent of them contained eggs. Many 
of the first-brood females that oVviposit 
during the year of emergence enter hiber- 


show 


nation at the end of the season. 

Time Requirep For Eccs to DEvELop 
IN THE FemaLe.—As observations had 
indicated that plum cureulio females do 
not begin to oviposit immediately after 
emerging from the soil or coming out of 
hibernation, a study was undertaken to 
determine the period required for eggs to 
form and mature in the bodies of these 
insects. During the period 1986-39 sue- 
cessive daily 
were made after their appearance from 
hibernation and emergence from the soil. 

With over-wintered females eggs usu- 
ally began to develop within a week after 


dissections of cureulios 


emergence from hibernation but did not 
become mature and ready for deposition 
until about L month after emergence. 
Females taken from hibernation during 
the winter and early spring showed no 
egg formation. It had been previously 
observed that plum curculios do not be- 
gin to deposit eggs in peaches for a period 
of a month after they appear from hiber- 
nation. Therefore, peach yrowers have an 
opportunity to apply a spray for the con- 
trol of this insect before the eggs mature. 

With first-brood females a -period of 


about 1 month after emergence from the 
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soil was usually required for eggs to ma- 
ture. In 1987 one individual began to 
oviposit on the twenty-third day follow- 
ing emergence, and in 1938 two individ- 
uals began to deposit eggs on the fifteenth 
day following emergence. These records, 
however, were unusual, and these three 
individuals may have remained in the 
soil as adults, following transformation 
from the pupae, for a longer period than 
usual, in) which ¢ development 
probably began before emergence. 
Dispersal or Curectuiios in Preacn 
Orcnarps.— A study was made during 
1939 to determine the distance newly 
emerged plum cureulios move before they 
begin oviposition. SIX hundred and forty- 
nine ecurculios of the first) generation 
which had not begun to deposit eggs were 
used for this work. Each beetle was 
marked and released on the same peach 
tree in a commercial orchard bounded on 
three sides by woods. \ large number of 
peach trees located in all directions from 
the release tree were jarred at frequent 


case egy 


intervals for recovery of marked beetles. 
Most of these curculios remained on the 
release tree. A few were recovered on the 
first and 
tree. Five 
away, six were recovered four trees away, 


from the release 


three 


second trees 


were recovered trees 
and two were recovered six trees away. 
These results that, following 
emergence from the soil, the movement 
of first-brood adults is confined mostly 
to the tree on which thes are released or 
trees nearby. An individual 
may move as far as six trees, or 100 feet. 

From the study of a large number of 
marked plum curculios in 1956 it) was 
determined that overwintered adults will 
travel from tree to tree even if there ts 
fruit for food and oviposition, but that 
their travel is confined to but a few adja- 
cent trees after thes have dispersed 
through the orchard following appearance 
from hibernation. These adults spend 
some of the time on the ground during 
the growing period of the fruit. 

A study of 1,500 marked plum curculios 
in 1986 showed that adults of the first 
generation do not travel from one orchard 
after the peaches are harvested to another 
Adults of the 


appear to 


indicate 


occasional 


where there are peaches. 
second generation do not 
migrate from the orchard in which they 
are reared to other orchards before they 
enter hibernation. 
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HiperNatTion Strupies.—Although it 
has been generally accepted that the 
adults hibernate in wooded areas and 
other cover adjoining and near peach 
orchards, very few individuals have ac- 
tually been found in hibernation; this 
has led to some speculation as to just 
where the insect spends the winter. Dur- 
ing the winter of 1937-38 large quantities 
of debris (leaves, mold, sticks, 
pine cones, ete.) collected from the edges 
of woods bordering peach orchards were 
examined for hibernating curculios. The 


woods 
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exist in peach orchards in many northern 
sections of the country but in the South 
the beetles usually begin to appear from 
hibernation when peach trees bloom and 
are disseminated throughout the orchards 
by the time of, or before, petal-fall. Table 
2 shows the degree to which the appear- 
ance of these insects in the spring coin- 
cides with the blossoming of the first- 
blooming varieties of peach. 

In 5 of the last 7 years plum curculios 
began to appear on peach trees before full 
bloom and in 6 of these years they were 


Table 2.—Date of appearance of the plum curculio from hibernation at Fort Valley, Ga., 


with reference to the blossoming period of the 


first-blooming varieties of peach trees. 





ULIOS 


APPEARANCE or Cure 


YrRar 
First Phroughout 
Curculios Orchards 
1933 March 23 March 28 
post March 21 March 28 
1935 March 12 March 22 
Lasse March 16 April 10 
1837 February 8 March 31 
1O88 March 4 March 15 
pase March 6 March 16 


Pou Prerat-FaLu Suuck-Orr 
BLoom } Down STAGE 
March 25 April 5 April 15 
March 29 April 9 April 20 
March 17 March 25 April 8 
March 10 March 19 March 31 
March 7 March 31 April 14 


March 23 
March 28 


March 15 
March 18 


February 28 
March 12 





material was placed in a thin layer on a 
piece of sheet tin which had turned-up 
edges and was mounted on drain. tiles. 
When a slow fire was burning under this 
apparatus, the beetles in the debris would 
crawl out as the material warmed up and 
could be easily Many plum 
curculio adults were recovered from hiber- 
nating material by this method, and it 
Was definitely determined that the insect 
does hibernate in debris along the edges 
bordering and peach 


captured. 


of woods near 
orchards 

In some years very few first-generation 
adults are found on peach trees shortly 
after peach harvest. On August 4, 1988, a 
number of adults recovered from 
debris collected along a railroad right-of- 


were 


way adjoining a peach orchard, an indica- 
tion that in central Georgia plum curculio 
adults begin to enter hibernation in mid- 
summer, month after peach 
harvest. 

\ppr ARANCEH Of} 
SPRING. — Chandler 


within a 


CURCULIOS IN THE 
1988) states that at 


Carbondale, Hines, 12 vears of jarring 
records showed very few curculios in the 
orchard before the “shuck-off” stage. The 
shuck-off stage occurs 10 days or more 
after petal-fall. That condition seems to 


disseminated throughout the orchards by 
the time three-fourths of the petals had 
fallen. Although the beetles began to ap- 
pear from hibernation before petal-fal! in 
1936, they did not become disseminated 
throughout the orchards that year until 
after shuck-off. It is during the period 
between petal-fall and shuck-off that the 
adults feed on the calices, petals, and 
leaves; and when they appear from hiber- 
nation by petal-fall, an application of lead 
arsenate at that time poisons many be- 
fore they are ready to begin oviposition 
and before the peach is exposed. Only in 
1986 would the petal-fall application of 
spray not have been advisable. 

Summary.—Further studies on the life 
history and habits of the plum curculio 
in the Georgia peach belt were conducted 
at Fort Valley during the period from 
1936 to 1989. It was found that approxi- 
mately one-half to three-fourths of the 
females of the first generation deposited 
eggs during the year of emergence. Dis- 
sections at the end of each season showed 
practically no egg development in females 
that had not oviposited. Following emer- 
gence from the soil, and appearance from 
hibernation, about month was re- 
quired for eggs to mature. 


one 
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The movement of first-brood adults 
following their emergence from the soil 
was confined mostly to the tree from 
which they came and to trees nearby. 
Overwintered adults were found to travel 
from tree to tree even if there was fruit 
for food and oviposition, but after they 
hecame disseminated throughout the or- 
chard their travel appeared to be confined 
to but a few adjacent trees. These adults 
did not seem to travel from an orchard, 
after the peaches were harvested, to other 
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orchards, before entering hibernation. 

The plum curculio was found to enter 
hibernation in) midsummer within a 
month after peach harvest and to hiber- 
nate in debris along the edges of woods 
bordering and near peach orchards. In 5 
of the last 7 years this insect appeared 
on peach trees before full bloom and in 6 
of these vears they were disseminated 
throughout the orchards by the time 
three-fourths of the petals had fallen. 
1-6-40., 
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Certain llost Plants of the Cotton Flea Hopper* 


R. K. Fuercuer, Tera fur 


In Texas the preferred host plants of 


the cotton flea hopper, Psallus seriatus 


Reut., from early spring until frost are 
certain members of the family Fuphor- 
included in the (Croton. 
These are known locally as sageweed, 
goatweed, and doveweed. Reinhard (1926) 
“in CuSCS of severe infesta- 


hiace ae venus 


reported that 
tion, 20 to 30 nymphs, may be found on a 
single croton head.” The present writer 
has often taken over 1,000 adult flea hop- 
pers per 100 sweeps in croton using a net 
16 inches in diameter. Reinhard (1928 
showed Croton capitatu y Michx. to be the 
most important overwintering host plant 
in central Texas, over 21,000 flea hopper 
nymphs emerging in the spring of 1927 
from 100 plants placed in a hibernation 
cage the preceding fall. Evidently those 
factors which determine the abundance 
of croton thus indirectly influence the 
abundance of the cotton flea hopper. 
The principal factor influencing the 
abundance of croton is agriculture. This 
is evident particularly in the sandy up- 


land soils of the oak-hickory region of 


Texas in the vicinity of College Station. 
Here Croton capitatus Michx., the most 
common suddenly appears in 
nearly pure stand in freshly disturbed soil. 
It varies widely in abundance in accord 
land utilization. 


species, 


ance with 


* Technical Contribution N 4 mm the Division of Fr 


During the 


Erperiment Station, Colleg WS apaane 


past SIX vears records have been made of 
these variations in abundance in the 
above vicinity. 

StupiIES oF Croton.—In the fall of 
1954 and winter of 1985 fifty-two fields 
were selected for study. Care was taken 
that a wide variation in abundance of 
corton was included in these fields. They 
differed in character from fields which had 
lain fallow during the past crop-growing 
season with croton 
plants present to freshly cleared wood- 
land fields with no croton present. In 
each of these fields 
each 100 feet long by 5 feet wide, were 
selected. Starting with 1954, records have 
been made in the fall of each vear in these 
areas of the number of croton plants 
their height, and the 


great numbers” of 


one or more areas, 


present, average 


land utilization during the past crop- 
growing season. 
It was found that most of the areas 


selected could be grouped Ith one of seven 
classes as follows terraces, 
fallow one year, fallow two years, pas- 
ture, corn, and cotton. 

By grassland is meant which 
have not been grazed and have 
been in cultivation or which have been 
out of cultivation long enough for grass 
to become dominant. In the fields in- 
cluded in these studies YTUSsSeS belonging 
to the genus cfristida dominant. 
Such fields have very little croton present 


grassland, 


fields 
never 


were 
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and show little variation in numbers of 


croton plants per acre from year to year. 


The average number of croton plants per 


acre in undisturbed grassland for the six 
vears was 111. The average yearly varia- 
tion was from 70 to 145 crotons per acre. 

Croton capitatus springs up abundantly 
in freshly disturbed soil. It appears in 
dense stands along freshly dug ditches 
and on the tops of new terraces. In 1984 
a count made in a field with a heavy 
growth of grass gave 145 crotons per 
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Under the term “pastures” is included 
fields in which grass is dominant and 
which were grazed the previous season. 
There has been a wide variation in the 
number of croton plants in these pastures 
from year to year. In 1934, for example, 
there were 1,400 croton plants per acre 
and in 1988 the number recorded was 
$8,300 per acre. The average for the six 
years 1984-39 was 17,000 plants per acre. 

While croton increases greatly in 
freshly broken fields it disappeares rapidly 


Table 1.—The effect of agriculture on the number and average height of Croton capitatus Michx. 
plants per acre in 10 different fields for 6 successive years, College Station, Texas. 
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acTe. These plants averaged four inches 
in height and had only 1 or 2 seed cap- 
sules per plant. In the early spring of 1935 
this field was terraced and a count made 
the following fall along these terraces 
showed 20.200) crotons per acre. These 
plants averaged 18 inches in height and 
had approximately 20 seed capsules per 
plant. The average number of plants per 
acre, along terraces, for the two years 
when records were taken was 9,500. 

Fields which have lain fallow for a vear 
show a very high croton population. 
These fields have been cultivated the 
preceding vear and have the soil in excel 
lent condition for the propagation of cro- 
ton. One field of this kind in 1988 had 
175,400 plants per acre. The average num- 
ber of erotons per acre for the six year 
period was 16,100. Crotons in these fields 
were also taller and more branched than 
in any other type of field. 

Fields which have been fallow for two 
years usually have a greater number of 
species of annuals present. Because of 
this competition and beeause the soil is 
much harder in such fields there is less 
croton present. For the six vears the aver- 
age in fields fallow two years Was 5.000. 


under constant cultivation. A comparison 
of the numbers of crotons in the fall in 
cottonfields and cornfields illustrates this 
point. 

In the region where these data have 
been collected cotton is frequently culti- 
vated until the third week in August. 
Nearly all weeds are either killed by this 
cultivation or, in carefully cared-for 
fields, are chopped out. On the other hand 
corn is rarely cultivated after the first 
week in June. These cornfields will not 
be disturbed the rest of the summer. As 
croton will continue to come up all sum- 
mer and as late as October such cornfields 
offer good conditions for a large croton 
population to develop. 

Counts of croton have been made in 
$9 cottonfields. The average for the six 
vears of 1,700 crotons per acre. In over 
half of the fields no croton was present. 
In 47 cornfields in which fall counts have 
been made the average number per acre 
for the period is 7,000. 

In table 1, are shown the characteristic 
variations in croton populations per acre 
following several agricultural practices. 
The effect of these practices on the aver- 
age height of the plants is included. 
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In field 1, which was in grass and un- 
grazed, the highest number of crotons per 
acre was 145 and the highest 
height of plants was 8 inches and the 
plants averaged only l or 2 seed capsules. 
The effect of cultivation upon the croton 
in such a field is striking. Part of the 
above field was plowed and planted in 
cotton. Croton capitatus plants appeared 
scattered through the cotton. Some of 
these plants were over 60 inches high 


average 


with many branches and seed capsules. 
The variations in population follow- 
ing cotton and corn is illustrated in 
fields 4 and 10. In field 4 in 1935 there 
was a large croton population following 
cotton. This was because in this particu- 
lar field all cultivation ceased by July 1. 
In these fields the plants reach the great- 
est average height. Field 10, fallow 1 year 
in 1938, had 175,402 per 
Field 2 shows the effect of grazing pon 
grassland. In 1984 and 1985 no croton 
was present but after 1985 when cattle 
were grazed in the field it became abund 
ant. The effect of grazing upon abundance 
is more apparent in sandy soil and in 


crotons acre. 


open woods than in other locations 

Field 3 shows the effect of plowing up 
grassland and planting corn. In 1935 while 
the field was in grass no croton was pres- 
ent but in 1986 following corn the number 
per acre was found to be 1,762 

Field 8, which was pastured continu- 
ously for the six years, shows the wide 
variations in population in such fields. 
Fields 5, 6, 7 and 9 illustrate the varia 
tions in croton population in fields in 
which the general agricultural practice of 
the area is followed 

The rainfall of the region in which these 
studies were made was sufficient to allow 
for the development of large croton popu 
lations in some fields each vear. For the 
five months April, May, June, July and 
August it varied from 26.39 inches in 
1936 to 7.72 inches in 1937. It seems evi 
dent that in the fields studiel the 
made of the land has had more effect upon 
the number of crotons present than the 


use 


amount of rainfall. 

Stupres or Privroses AND Horse- 
wints.—In addition to Croton capitatus 
there are 
appear early 


numerous other plants which 
in freshly disturbed soil, 


especially in fields allowed to lie fallow 
fora vear. There are three of these species 
which are important in building up large 
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flea hopper populations. These are the 
evening primrose, Qenothera laciniata Hill, 
Oenothera speciosa Nutt.. 
mints, Monarda spp. 
The evening primrose is, in the area in 
which these studies have been made, one 
of the favorite host plants of the flea 
hopper. It differs from croton in that it 
comes up in the fall and may often be 
found growing in fallow soil early in the 
spring hefore croton has come up. Its 
importance as an early season host plant 
is because of the following facts. When 
flea hopper eggs which have passed the 
winter in dead croton stalks hatch in the 
spring the nymphs drop to the ground 
and feed upon young croton plants if 
these are present. If not, then the nymphs 
must find other food plants very shortly 
or perish. Oenothera laciniata often grows 
under the dead stalks of croton and pro- 
vides the nymphs with food. At College 
Station in 1986 flea hopper nymphs were 
found on February 23 on this plant. In 
the same field croton did not come up 
until nearly a month later. This evening 
primrose has another feature which 
makes it important as an early spring 
food plant It grows in rosette form in 
the spring, its leaves spreading out nearly 
parallel with the ground. This forms an 
excellent protection for the ny mphs, espe- 
cially from heavy rain. Young croton 
plants with many first instar nymphs feed- 
ing on them before a rain have been found 
to have very few nymphs present after 


and the horse- 


a heavy shower. 

Another primrose, Oenothera speciosa 
Nutt., is abundant in old fields somewhat 
later in their progress toward the grass 
Lrows especially well 

During some years it 


climax. It also 
along diteh banks. 
covers large areas in both upland and 
hottomland fields. It is a favorite food of 
the flea hopper and is the first plant on 
which the author found adult flea 
hoppers in the spring in the vicinity of 
College Station. 

Horsemint Monarda Spp. like croton, 
varies greatly in abundance from year to 
vear. It is most abundant in fields that 
have been fallow for several vears. It is 
also very common at times in open woods. 
Its fluctuations in abundance seem to be 
more closely related to rainfall than to 
variations in land use. In fallow fields 
under observation horsemint may be very 
scarce one year while the following year it 


has 
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may occur in great abundance during May _ for the increase of croton and of other host 
and early June. This plant differs from the — plants of the flea hopper. 
primroses and crotons, so far as observed, It has been shown that croton increases 
in that it is more attractive to flea hoppers under grazing. This is because the grass 
after it is well grown. Immense flea hopper — and some other plants are destroyed and 
populations develop on Monarda by late — the soil disturbed. This effect has been 
spring. As the plants mature the adult flea increasingly intensified as more and more 
hoppers leave and may be dispersed by — grazing land has been fenced, confining 
flight, assisted by the wind, over wide more animals to smaller areas. 
areas. SumMaAry.—As previously stated, the 
Each of the host plants of the cotton — first report of cotton flea hopper damage 
flea hopper discussed in this paper is in Texas was in 1920. Since that year 
native to Texas. Under natural conditions reports of damage have occurred every 
they were much less abundant than at year from some locality in the cotton 


present. Destroying the original vegeta- growing area of the state. Outbreaks of 
tion in which grass is dominant allows flea hopper damage can be explained in 
these plants to increase without competi- — the following way. Due to the increase in 


tion. This is true in a varying degree of — agriculture the preferred host plants of 
all of the known host plants of the flea the flea hopper have been enormously in- 
hopper. Such plants are most abundant creased, thus insuring the maturing of 
on land in which the original climax correspondingly increased numbers of 
vegetation has been destroyed. Agricul flea hoppers. As their preferred host 
ture, whether by breaking up the soil plants begin to dry up in the late spring 
for planting crops or by grazing, greatly and early summer the mature flea hoppers 
increases the host plants of the flea disperse and, because of these increased 
hopper (Bray, 1906). numbers, more of them reach cotton. It 

From I880 to 1920, the year in which — is probable that the host plants of the flea 
the cotton flea hopper first “attracted hopper first became abundant enough to 


attention as an economic pest” (Rein- — provide flea hoppers in sufficient numbers 
hard, 1926), the number of acres of cotton — to injure cotton in 1920. 

harvested in Texas increased from 2,473,- The preceding studies show the great 
000 to 12,325,000. From T880 to 1920 the | variations in abundance due to variations 
number of acres of corn harvested in- in agriculture of Croton, the preferred 
creased from 2,770,000 to 4,932,000 (Gab host plant of the cotton flea hoppers. 


bard and Bonnen, 1937). This increase in They show the part played by Oenothera 
planted acreage, especially that planted in laciniata in the development of an early 
corn, insured an increase in croton and — spring generation of flea hoppers. They 
other host plants of the flea hopper. From also show the importance of Oenothera 
1912 to 1920 there were also considerable — spectosa and the Monardas in increasing 
fluctuations in the acreage planted to the the flea hopper populations. It is by 
above crops. While some of the land not > means of similar studies carried on year 
planted to corn or cotton was planted to after vear that we can hope finally to be 
other crops a considerable amount of it able to predict accurately when injury 
must have laid fallow from one to several by the cotton flea hopper will occur. 
years. Again an opportunity was afforded — 1-6-40. 
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SATIN MoTH infestations having been located in California quarantine proclamation No. 18 also was 
1939 in the Oregon counties of Lane. Douglas. and extended, effective March 9. 1940. to include these 
Hood River, the State revised the quarantine effec counties. and to place willow withes under restric- 


tive April 26, 1940. to apply to these counties. The tion 











Soil Fumigation for Control of the Alfalfa Snout Beetle 


H. WH. Scuwarpt and C.G 

The alfalfa snout beetle, Brachyrhinus 
ligustic?® (L.), was probably introduced 
into Oswego County, New York, from 
central Europe about 40 years ago. There 
was little alfalfa in the area at that time 
and the insect apparently persisted in 
scattered plantings or on wild hosts until 
1933 when it became numerous enough 
to attract attention. Meanwhile alfalfa 
had become a popular crop on the south 
shore of Lake Ontario. At present about 


3.000 acres inp Oswego and Jefferson 
counties are infested. The area is increas- 
ing annually though at a very slow rate 
due to the wingless condition of the 


heetle. The insect is, however, partheno 
genetic so a single individual can start 
a new infestation. Because of this, small 
isolated infestations sometimes occur 
about the periphery of the major area, 
Occasionally these spots are found several 
miles from the continuously infested area. 
The a potential pest of 
alfalfa in much of 
United States and southern Canada 
The present investigation was begun 
to develop a system of soil fumigation 
which would eradicate the alfalfa snout 
beetle in these small spots If 
this can be done, the annual spread will 
be limited, practically, to the short «is 
tance the beetles can migrate on foot. 


insect Is now 


northern and central 


isolated 


Extensive biological work by Palm 
1935) and Lincoln (1938) has shown that 
the alfalfa snout beetle has a two vear 


life cvele. Since the broods overlap, there 
are both adults and full grown larvae 
overwintering in the soil 
The adults leave the ground in April and 
OV iposit in the surface soil about the roots 
of alfalfa plants. The young larvae feed 
on the roots and complete their develop 
ment during their first summer. They 
pupate and emerge during June and July 
of the second summer, the beetles then 
remaining in the soil until the following 
spring. The adults may be found above 
the surface from April until late in Au 
gust. It can readily be seen that soil fumi- 


each winter. 


gation as an eradication measure can be 
used only late in the summer or early in 
the fall since only then are all stages of 
the insect in the soil, and the soil tem- 
perature is still at summer level 


Linco.n, Ithaca, New Yor! 


Procepure.— Plots of infested alfalfa 
ten feet square were used in all tests and 
the latin square plot arrangement was 
followed. Using crowbars, were 
bored fifteen inches apart in rows which 
were also fifteen inches apart, and the 
rows were staggered. Chloropicrin and 
methyl bromide were applied with the 
apparatus designed by Stark (1938). This 
consists of a 500 ce. distilling flask with 


holes 


side arm calibrated in cubie centimeters. 
The side arin Is coupled toa three foot 
extension of glass tubing by means of a 
short piece of rubber tubing across which 
it pinch clamp operates The extension is 
a length of heavy wire 
inches bevond the 
to prevent it 


reinforced with 
which extends 
lower end of the tube 
coming clogged with soil when the injee- 
tions are made. The mouth of the flask 
is fitted with a one-hole rubber stopper 
containing a short piece of rubber tubing 


two 
he- 


also closed with a pinch clamp. The other 
fumigants were measured in a graduate 
and poured through a glass funnel with a 
three foot reinforeed the 
stem. Immediately after placing the fumi- 
gant, each hole was filled with fine soil 
tamped in and sealed with about a half 
pint of water. No difficulty was experi- 
enced in applying any of the fumigants 
except methyl bromide Because of the 
low boiling point of this material, it was 


extension. on 


found nece ssary to ice the steel evlinders 
for an hour before the fumigant could be 
poured into the dispensing flask. When 
put in the holes, it immediately began to 
that a part of 
This loss, how- 
fairly uniform 


fume and it is probable 
each injection was lost 
must have been 
throughout the tests 
Results were taken by counting 
and dead larvae and adults found by 


screening the soil taken from a hole two 


ever, 


live 


feet square and cighteen inches deep in 
the center of each plot 

The first test was made on a 6> 
square using chloropicrin, carbon bisul- 
phide, carbon tetrachloride, orthodichlo- 
robenzene, and dichlorethyl ether. The 
alfalfa on this block was only a year old 
and the infestation consisted entirely of 
were for the most 
were 


6 latin 


larvae. Since the larvae 


part near the surface, injections 


LOO 
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made at the six inch level. Results ob- 
tained are shown in table 1. Analyses of 
the data show that for significance, a dif- 
ference of 18.59 per cent in kill was re- 
quired at odds of 19 to 1 and 28.17 per 
cent at 99 to 1. On this basis highly sig- 
nificant kills were obtained with carbon 
disulphide, chloropicrin, and carbon tetra- 
chloride. However, since a material was 
being sought which could be depended 
upon for eradication, only the carbon 
bisulphide, which caused a complete kill 
could be considered satisfactory. The low 
kill obtained with orthodichlorobenzene 
and dichlorethyl-ether was due in part 


Table 1.—Brachyrhinus ligustici (L.) Control 
of larvae obtained by soil fumigation. Oswego, 
New York, September 2, 1939. Soil tempera- 
ture 70.7 degrees F. at 8inches depth. Moisture 
6.56 per cent at 6 inches. 








APPROXI Per 
1A1 CENT Sol 
Ho Ack Mon Mots 
Foumica Dosact Dosa al UR 
Chloropi 0 Ih tel ae 
Orthod | by 6 Ibs i) 
Carbon t 6 $475 Ibs $1.4 ( 
Carbon d | } rt S540 Tl oo 0 
Dichle 5 1440 I 7.8 
Check 1.9 
Diff x on s.1 
to their slowness of action. The first 


counts of live and dead larvae were made 
within six days after treatment. A second 
count made approximately four weeks 
after treatment showed 79 per cent of 
dead larvae on the orthodichlorobenzene 
plots, or an inerease of nearly 70 per cent, 
and 33 per cent of dead larvae on the 
dichlorethy] ether plots, or an increase of 
15 per cent. At this time there was still a 
strong odor of these two materials coming 
from the soil. 

Orthodichlorobenzene the 
material which caused immediately no- 
ticeable injury to the alfalfa. When last 
examined, about 70 days after treatment, 
all vegetation on the orthodichloroben- 
zene plots appeared dead. On the others, 
including the chloropicrin plot the alfalfa 
apparently was in good condition. 

The second test was made on a 4X4 
latin square on older alfalfa which was 
well infested with both larvae and adults. 
Chloropierin, carbon bisulphide — and 
methyl bromide were used and injected 
at the one foot level since the adults were 
at about this depth. Counts made within 
a week after treatment the results 


Was only 


Pave 
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Table 2.—Brachyrhinus ligustici (L.) Control 
by soil fumigation. Soil moisture 11.1 per cent, 
temperature 62.3 degrees at 4 inches depth. 
Henderson, New York, Sept. 12, 1939. 





DosAGE Per Cent 
Morta.iry 
Per Per 

FUMIGANT Hole Acre Larvae Adults 
Methyl Bromide Tee. 953 lbs. 100.0 94.1 

Carbon bisulphide 86 ce. 3540]lbs. 100 100 

Chloropicrin 3 ce. 100 lbs. 31.5 100 
Check 1.02 2.6 





Difference for significance at 99 to 1; larvae, 58.93: adults 


64.45 

shown in table 2. Analysis of the data 
shows that for the larvae a difference of 
58.9 per cent is necessary for significance 
at 99 to Land for the adults 64.4 per cent. 
From the point of view of eradication only 
carbon bisulphide was effective since it 
alone gave a 100 per cent kill of both 
larvae and adults. 

The next step was to determine the 
lowest dosage of carbon bisulphide which 
could be used for eradication. A 4X4 
square was treated with carbon bisulphide 
at three rates, 35 ce., 18 ce., and 9 ce. 
The area on which this test was made 
contained old alfalfa infested with both 
larvae and adults. Results obtained are 
shown in table 3. A similar test was made 
with methyl bromide using dosages of 7 
cc., 4 ec., and 2 ce., injected at a depth of 
8 inches. Because of the reputed slow ac- 
tion of this fumigant, counts were post- 
poned until ten days after treatment. 
Kach of these dosages killed one hundred 
per cent of the adults, but none of them 
killed all the larvae, as is shown in table 
t. 

In the fifth block, three methods of 
applying chloropicrin were tested. The 
first consisted of a standard 3 ce. applica- 
tion in holes 15 inches apart and eight 
inches deep which were closed with fine 


Table 3.—Brachyrhinus ligustici (L.) Control 
of larvae by fumigation with carbon disulphide. 
Henderson, New York, September 19, 1939. Soil 
moisture 6.88 per cent and temperature 58.3 de- 
grees at 4 inches depth. 





Dosaat Per Cent 
Mor- 
FUMIGAN1 Per Hole Per Acre PALITY 
Carbon disulphide = 36 ce. 3540 Ibs 100 
Carbon disulphide IS ce 1770 Ibs 98.4 
Carbon disulphide 9 cc. 885 Ibs. 78.3 
(Check 10.9 








2 


soil. The second was the same except that 
the holes were tamped shut. In the third 
treatment the same amount of chloropic- 
rin was applied per acre but in holes only 
10 inches apart. None of these treatments 
killed all the larvae, and adults were too 
few in this block to yield usable data. 


Table 4.—Brachyrhinus ligustici (L.) Control 
of larvae by fumigation with methyl bromide. 
Oswego, New York, October 9, 1939. Soil mois- 
ture 15.2 per cent at 6 inches; temperature 57.7 
degrees at 8 inches. 





Dosact Per CEN 
Mor 
FUMIGANT Per Hole Per Acre rALITY 
Methyl bromide 7c 955 Ibs 94.2 
Methyl bromide bce 544 Ibs S16 
Methyl bromide 2 272 Ibs 76.7 
(heck 13.8 





The failure of chloropierin in this test 
may have been due to the higher soil 
moisture. 

On October 30, with soil temperatures 
hetween 40 degrees and 45 degrees F., a 
block of 8 plots 10 feet square were used 
to test the effectiveness of carbon bisul- 
phide at low soil temperatures. A dosage 
of 35 ce. per hole was used in holes 15 
inches apart and eight inches deep. A 
complete kill of both larvae and adults in 
the four treated plots resulted. Adults 
again were few but since all data has 
indicated that they are more easily killed 
than larvae, it is probable that any num- 
ber present would have been killed. 
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The cost of fumigation with any of the 
effective materials is high. Chloropicrin 
costs slightly over $340.00 an acre at a 
dosage of 400 pounds per acre, Methyl 
bromide costs over tw ice as much because 
of the larger dosage required. Carbon 
bisulphide when used at a dosage of 2.500 
pounds per acre costs about $250. These 
figures are for materials alone. Approxi- 
mately 40 man days are required to treat 
an acre with carbon disulphide. 

Summary.—The alfalfa snout beetle, 
Brachyrhinus ligustict (L.), is an intro- 
duced pest now present in 3,000 acres of 
alfalfa in Oswego and Jefferson counties, 
New York. Isolated spots of infestation 
removed several miles from the continu- 
ous area sometimes appear. For eradicat- 
ing beetles and larvae in these spots soil 
fumigation has been found effective. 

Preliminary tests with carbon  bisul- 
phide, chloropicrin, methyl! bromide, car- 
bon tetrachloride, dichlorethyl-ether, and 
orthodichlorobenzene indicate that only 
carbon bisulphide can be depended upon 
to eradicate both larvae and adults under 
the various weather and soil conditions 
encountered in northern New York. 

Approximately — thirty-five hundred 
pounds of carbon bisulphide per acre in- 
jected in holes 15 inches apart and eight 
inches deep has given a complete kill in 
all tests. Eighteen hundred pounds per 
acre gives a nearly complete kill, and it is 
helieved that a dosage of 2,500 pounds per 
acre will prove to he completely effective. 

1-6-40. 
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\ Viethod for Production of Cutworms in Greenhouses 


W. DD. Wyure and C. E 

In order to secure cutworms in suffi- 
ciently large numbers and. of satisfactory 
uniformity for toxicological studies in the 
laboratory the following method has been 
devised and used with good results. The 
rearing consist of greenhouse 
benches approximately 4 feet by 12 feet 
in size, with walls 12 inches in height 
built up from the top of the bench having 
a 2-inch wooden flange extending inward 


cages 


Paum, Cornell Unive rsity, Ithaca, N. J 


from the top of the wall. This frame ts 
fitted with a hinged screen wire top. A 
bench can be divided in the middle to 
furnish two separate rearing compart- 


ments. Since the rearing methods are 
somewhat different for the species of 
cutworms that have been used in the 


experiments, the methods employed for 
each species will be discussed separately. 
Small grains, preferably oat seedlings, 
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have been found to be the best food for 
Leucania unipuncta (Haw.). Moths or 
pupae are placed in a cage with oat seed- 
lings from four to six inches in height. A 
five per cent honey solution added to a 
sponge is present in the cage as food for 
the moths. Eggs are deposited freely on 
the oat plants, and after hatching the 
young larvae obtain sufficient food from 
the seedlings to carry them through the 
first three or four instars. After that time 
oats or corn from other beds is cut and 
fed daily to the larvae. When excrement 
pellets cover the surface of the bed, a 
thin layer of sand can be sprinkled over 
the surface before feeding. The larvae to 
he used as breeding stock are allowed to 
pupate in the beds. After being removed 
from the soil, the pupae are placed in a 
tray filled with moist sphagnum and 
allowed to emerge normally in a new 
rearing cage. 

This same method of placing the moths 
in the rearing cage did not prove satis- 
factory for .lgrotis ypsilon (Rott). With 
this species the moths were placed in 
battery jars partially filled with small 
sticks of wood and covered with muslin 
caps. Paper toweling on the bottom of the 
jars furnished desirable hiding quarters 
for the moths during the day. The eggs 
were deposited on the sticks and on the 
caps. The eggs were transferred to beds 
planted to rape, turnips, or sweet clover. 
If it was necessary to use eggs deposited 
over a period of days, those deposited 
first were placed in a refrigerator and 
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kept until all eggs were introduced in the 
beds at once. This procedure was advis- 
able to secure larvae of uniform size and 
thus reduce cannibalism to a minimum. 
Rape foliage cut daily was fed to the 
larvae after they consumed the plants 
growing in the rearing cages. Lettuce 
trimmings from the grocery store served 
as a readily available source of food when 
the greenhouse supply was exhausted. 
Pupae were handled as already described 
for L. unipuncta. 

Grraphiphora c-nigrum (1...) was reared 
in the same way as 1. ypsilon. This spe- 
cies, however, is not cannibalistic to any 
noticeable extent. 

The problem of watering the rearing 
beds without injuring the young larvae 
was met by allowing the water to run 
from the hose over the surface of the bed 
without wetting the plants. Watering 
usually was done at night when the larvae 
were on the plants, feeding. After diseard- 
ing a rearing cage, the soil was treated with 
1 per cent formalin solution to prevent 
damping off of the next crop of oat seed- 
lings. This treatment may possibly have 
had some effect in keeping disease among 
the larvae at a low level. Occasional dead 
larvae were removed from the cages as 
soon as noticed. In the experience of the 
authors the rearing cage described is 
large enough to produce 5,000 or more 
larvae of L. unipuncta. As large a number 
of 1. ypsilon cannot be reared because 
of cannibalism among the larvae. 
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Methods and equipment for laboratory studies of insecticides 
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Commercial Control of Cabbage Caterpillars 
near Charleston, S. C. 


C.O. Bare,* (8S. Department of Agr 

In a survey of various commercial cab- 
bage fields near Charleston, 8. C., during 
the period from 1935 to 1988 observa- 
tions were made on the methods of in- 


secticidal control used by the different 


* Thanks are due Wo J. Reid. Jt for s assistance tl 
direction « this studs 
t In cooperation with the South Carolina Agricultural Ex 


periment Station 


j 
ulture 


, Bureau of Entomology and Plant (Quarantine) 


growers and the relative effectiveness of 
the treatments. These observations were 
a part of a detailed study of cabbage 
caterpillar populations and the effect of 
such populations on the quality and quan- 
tity of the crop. 

ProcepurRE.—In the vicinity — of 
Charleston the growing of cabbage covers 
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two seasons which somewhat overlap. The 
fall crop is planted in the fields during 
late July, August, and September and is 
harvested during late November, De- 
cember, and January. The winter-spring 
crop is planted in seed beds in October 
and November, transplanted into the 
fields in December, January, and Febru- 
ary, and harvested in March, April, 
May, and early June. During each of the 
four cabbage-growing seasons from the 
fall of 1935 to the spring of 1937 five fields 
near Charleston were studied; also, two 
such fields were studied in the fall of 1987, 
three in the winter-spring 
1937-38, and one in the fall of 1938, mak- 
ing a total of 26 fields. Seven of these 
were grown at the South Carolina Truck 
Experiment Station and will not be con- 
sidered in evaluating control. The re- 
maining 19 fields were grown by 16 dif- 
ferent commercial growers and well repre- 
sent the practices in the Charleston area. 

In each field two blocks of 100 plants 
each were located at random. Each block 
consisted of four adjacent rows of 25 
plants each. Each plant was designated 
by a number and examined each week 
from the time of thinning or transplanting 
until it was harvested. 

Records were made of the number of 
pupae and mature larvae of each of the 
following insects, which are listed in order 
of relative Diamondback 


seuson of 


abundance: 


moth Plutella maculi pe nnis Curt. 
cabbage looper Autographa hrassicae 
Riley 9 imported cabbage worm Pie ris 


ra pae L.), cutworms and related species 
of the subfamily Agrotinae including the 
Heliothis armigera 


corn earworm 
Hbn.)), and the cabbage webworm ( //el- 
lula undalis IF. The cabbage web- 


worm was of little importance except 
just before the plants were thinned or 
transplanted. At each examination of the 
plants the mature larvae of the Agrotinae 
and cabbage webworm were removed, 
since they pupate in the soil, but onty 
the pupae of the other species were re- 
moved. 

Each plant was harvested when it be- 
came mature and was classified according 
to the specifications for U.S. Grade No. 
1 and, for insect damage, as deseribed 
by the Bureau of Agricultural Economies, 


U.S. Department of Agriculture (1934). 
Those plants ineligible to U. S. Grade 
No. 1 because of defects other than 
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insect damage and which usually did not 
produce heads will be considered as jr- 
relevant to this discussion. The remaining 
plants which were individually eligible to 
U.S. Grade No. 1 were classed as market- 
able, and those Ww hich were so damaged by 
insects as to prevent them from being or 
becoming eligible to U. S. Grade No. l 
were classed as unmarketable or damaged, 

INsEcTICIDES.— The insecticides in- 
cluded derris,' calcium arsenate, lead 
arsenate, magnesium Paris 
green, and cryolite. Usually the materials 
were applied as dusts, but on some fields 
cutworm baits were used. Some of the 
insecticides were used undiluted and 
others were diluted with clay or lime. 
Some were mixed with each other. Derris 
was mixed with clay to contain about 
0.75 per cent of rotenone. The mixtures 
were made up largely according to the 
whim or faney of the grower himself or, 
more often, acording to that of the loeal 
insecticide dealer from whom the grower 


arsenate, 


made his purchases 

As a whole the insecticides were applied 
to the crop whenever the grower saw con- 
siderable evidence of insect injury, pro- 
vided the current prices for cabbage war- 
ranted its protection from insects. A 
few growers made more or less regular 
applications every week or 10 days as 
long as the larvae were fairly numerous 
in the field. Cutworm-bait applications 
were made, particularly in the fall, when 
numerous evidences of injury to. the 
young plants appeared 

Cutworm baits usually were seattered 
broadeast over the field. On one occasion 
in a field of larger plants the bait was 
placed by hand between the rows and 
beneath the plants in order to avoid leav- 
ing arsenical residue on the plants. At 
another time bait was applied directly in 
the head of the plants in an attempt to kill 
cabbage loovers as well as cutworms. The 
dust mixtures usually were applied with 
traction dusters. The care with which the 
various machines were adjusted was as 
individual as the different growers or as 
the cheap labor which they sometimes 
employed. Occasionally the dust mixtures 
were applied by hand by sifting through 
small, loosely woven bags. 


Resuuts.—It was noted that the insect 
Although the tern derris s used in this article, there is 
idence that the powder used by some the growers contained 


other rotenone-bearing roots such as cub 
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populations varied according to the time 
of vear when the crop was grown and the 
stage of growth of the plants in the par- 
ticular field. Hence, to permit accurate 
comparison, the data were grouped with 
respect to these two factors. A uniform 
stage of growth for all fields was when 


Table 1.—Data obtained in cabbage caterpillar 
1935-38. 
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was found that the diamondback moth 
caused an average of about 25 per cent 
as much damage per individual as did the 
other species. Since the relative damage 
caused by the other species could not be 
satisfactorily determined from the avail- 
able data, those species were given equal 


survey of commercial! fields. Charleston, S. C., 








AVERAGE 
INSECTICIDE AND NUMBER O} Loss IN 
NUMBER OF APPLICATIONS CATERPILLARS YIELD, 
FieLp Dare o1 MATURING PER PLANTS TONS PER 
NuMBER Hrapina* Before Heading After Heading 100 PLANTS? DAMAGED ACRE 
Fall season 
SE-1 sept 22, 1936 Derris 3 \rsenical l, 61 25% 2.81 
derris 4 
SE-4 Sept. 28, 1956 Arsenical 3 Arsenical 3, 50 14 1.06 
derris 3 
SE-3 Oct 1. 1986 Arsenical | Arsenical 4, 65 7 96 
derris | 
5E-1 Oct 1, 198 Poisoned bait 2, \rsenical Th 9 99 
arsenic il 
sK-2 Oet » 1956 Arsenical 3 Derris 5 106 ll 1.01 
7E-1 Oct 6, 1958 Arsenical | None 60 19 2.40 
crvolite > 
1K-1 Oet 9, 195 Arsenical 1 Derris 4 148 17 95 
5E-2 et 12, 1937 Poisoned bait Poisoned bait 1 25 + 3 
arsenical | 
1K-+ et 14, 1985 Arsenical 2 \rsenical 2 142 38 1.32 
1E-2 Chet 15, 1885 Arsenical 2 Arsenical | $4 12 60 
derris 3 
IK-8 Chet 1o, 1955 Poisoned bait 3 Poisoned bait 1 10] 24 1.10 
Averave 76 19 1.19 
Winte pring season 
6K-1 I 25, 1938 None None 62 6 0 
$E-2 Mar. 11, 1937 None None 116 $ $2 
2K -1 Mar. 12, 195¢ None Nom x) ) 11 
ikK-2 Mar. 23, 19388 None None 793 oD 5.95 
th-1 Ma 24, 19337 None Derris | 124 6 72 
Des Apr. 7, 1937) Derr Derris 3 76 21 1.36 
2E-3 Apr. 14, 1986 9 None Derris | 543 63 3.34 
2-4 Apr. 16,1986 9 None None S44 32 3. 24 
\verage 272 23 1.93 
* When first p 
t Weig 


heading of the plants hegan. This date, 
as will be shown, was important in regard 
to the relative amount of damage caused 
by the insect populations and also to the 
insecticidal residue problem in relation to 
harvest (Smith ef al. 1987 

The data obtained from this 
are given in table 1. In obtaining the aver 
ages in column 3 the larvae of the dia- 
mondback moth were given a weight of 


sury ey 


0.25. This weight was determined from a 
multiple correlation analysis in which it 


weight in obtaining the averages. The per 
cent loss in unmarketable plants is only 
of that part of the crop which would have 
produced marketable cabbage except for 
larval damage and not of the whole crop. 
The joss yield represents the product of 
the number of unmarketable plants and 


the average weight of the marketable 
Ones, 
Discussion OF ReEsuxtts.—With the 


fall crop the period during which plants 
began to head extended over approxi- 
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mately 5 weeks, from September 22 to 
October 25, and with the winter-spring 
crop this period extended over approxi- 
mately 7 weeks, or from February 25 to 
April 16. The longer transplanting period 
of the winter-spring crop may account 
for this difference in time. 

The applications were much more nu- 
merous on the fall crop than on the 
winter-spring crop. Ten of the 11 fields 
of the fall crop received arsenical or bait 
treatments before heading of the plants 


began, but not one of the eight fields of 


the spring crop received such treatments. 
In the fall plantings .fgrofinae and cab- 
bage webworms were prevalent, but the 
winter-spring plantings matured before 
the caterpillar populations developed in 
damaging numbers. The survey involved 
a relatively small portion of the commer- 
cial spring plantings. Fewer larvae ma- 
tured on the plants of the fall crop than 
on those of the winter-spring crop, partly, 
at least, because of the greater number of 
applications. The species found on the 
winter-spring crop were mostly the dia- 
mondback moth, the cabbage looper, and 
the imported cabbage worm. 

In the fall crop the percentage of dam- 
age by insects tended to decrease as the 
heading season advanced, whereas in the 
winter-spring crop the opposite was true. 
The unmarketable plants in the various 
fall fields ranged from 4 to 47 per cent, 
with an average of 19 per cent, and in the 
winter-spring fields from 2 to 63 per cent, 
with an average of 23 per cent. It will be 
seen that as a whole the damage 
rather serious in spite of the growers’ 
efforts and that more adequate control 
measures were The per 
acre in tons of unmarketable cabbage may 
monetary 


Was 


losses 


needed. 
be used in estimating losses. 
The average yield of marketable cabbage 
was approximately 7.07 tons per acre for 
the fall crop and 6.59 tons per acre for 
the winter-spring crop. 

In order to obtain accurate comparisons 
of treatments there should be replications. 
In the fall surveys there was not one repli- 
cation among the 11 fields represented, as 
each grower used a different schedule of 
applications. In the winter-spring fields 
there were a number of seasonal or yearly 
replications of untreated fields. Fields 
tE-1 and 2E-8 each had one application, 
but in the former it was 3 weeks earlier 


latter; and moreover field 


than in the 
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2E-38, with 63 per cent damage, had been 
planted beside a field of old fall grown 
cabbage from which it received an un- 
usually heavy infestation of the diamond- 
back moth. Field GE-2, which had a loss 
of 49 per cent as early as March 28, was 
planted beside a field of fall-grown cab- 
bage that had already acquired a moder- 
ately heavy infestation, particularly of 
the diamondback moth: and the vrower 
did not think hie could afford to apply 
insecticides because of the low prices 
being received for the crop 

Ciood control obtained Ith field 
5E-2, in which there was a lower percent- 
age of damage and a smaller caterpillar 
population than in other fields of approxi- 
mately the same seasonal deve lopment. 

Other points might be considered with 
regard to comparisons of different treat- 
ments, but there sufficient 
number of replications of any given treat 


Wiis 


Was not ia 


ment on comparable plantings to permit 
The surveys were 


not originally designed for the purpose of 


accurate comparisons 


testing insecticide applications 

Summary.— Asa part of a detailed sur- 
vey, during the pe riod 1985 to 1988, of 
cabbage caterpillar populations in fields 
near Charleston, South Carolina, a study 
was made of the control methods used 
hy the different commercial growers and 
their eTe ‘tiveness During the fall vrow- 
ing SCHSOT! 11 fields studied and 
during the winter spring season S fields. 
Weekly examinations were made of 200 
plants in each field from the time of 
thinning or transplanting until harvest 
was completed, and records were kept of 
and methods, 
and 


were 


insecticidal applications 
caterpillar 
vields 
Although insecticides were 
regular intervals by a few of the growers, 
they were usually applied only when the 
of in- 


populations, harvest 


applied at 


yrower saw consid rub cy lence 
sect injury. Arsenical and other inorganic 
insecticides were lis df during the prehead- 
ing stage in all except one of the carly fall 
fields, but winter-spring 
fields received The re 
was not a sufficient number of replications 
of any given treatment on comparable 
plantings to permit accurate Comparisons. 

The average number of larvae matur- 
ing per 100 plants was 76 in the fall crop 
and 272 in the winter-spring crop. Plant- 


none of the 


such) treatments 


ings in close proximity to fields with older 
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infestations developed larger insect popu- 
lations and showed a greater number of 
damaged plants than were to be found in 
other plantings. 

The damage due to cabbage caterpillars 
in commercial fields ranged from 2 to 638 
per cent of the plants, with an average of 


Hosts or Tospacco FLEA BEETLE 


19 per cent for the fall season and 23 
per cent for the winter-spring season. The 
study indicated that as a whole the dam- 


age was rather serious in spite of the 
growers’ efforts and that there was a 


need for more adequate control measures, 
1-6-40. 
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Surveys were made and rearing experi 
ments conducted in Pittsylvania County, 
Virgimia, in) 1989 to determine 
the host plants of the adults and = the 
larvae of the tobacco flea beetle, FE pitrie 
parrula I their 
maintaining or increasing the beetle popu 


in order 


and Importance in 
lation in Virginia 

Metealf & Underhill Loy Morgan 
& Gilmore 1924 Hallock 19389 
have recorded a total of 387 host plants of 
the adult flea beetle but they 
consider only those of the family Solana- 
L898, 


1926 


and 
tobaceo 


ceae to be important. Chittenden 
1899), Howard (1898) and Jewett 
observed the immature stages 
roots of tobacco Nicotiana taba 
cum), jimson weed ( Datura 


black nmightshadcd Solanum n 


reared or 
on the 
framonium 


qrium), to- 


mato Lycopersicon esculentum and 
horse nettle (Solanwm carolinense How 
ard (1898), Metealf (1909) and Chitten 
den (1923) beheved that this inseet could 
develop and thrive on any solanaceous 
plants. 

Fienp Serveys.— During April and 


May, tobaceo flea beetle s were observed 
feeding on the following plants tobacco 
Vicotiana tahac Mee 
tuberosum), black nightshade (S 
horse nettle (S tomato (Ly 


potato Solanun 


Miqgriin 


earoline vise 


CO pe rsicon ¢ souls nitvm jimson weed Da 
tura stramonium a ground che rry Physalis 
heterophylla turnip (Brassica rapa 


ragweed 
Vanthiaum 


burdock friant 


Ambrosia trifida 


| retium lappa 
cockl bur 


Th, anit be ! lia oie 
ABM t { . 


gatior 


Harrison and C. O 
s Dept Agr. 


1937. A study of arsenical dusting of 
Cire. 411. 8 pp. 


1934. U.S. Standards for Cabbage (Effective 


Bare 


Plants of the Tobacco Flea Beetle 


fyricultural F rperiment Station, ¢ hatham 


canade nse), string bean (Phaseolus rul- 
garis), and pokeweed (Phytolacca de- 


candra). They were found mostly in to- 
beds where they fed on 
tobacco seedlings and young tomato 
plants, a few of which were grown in 
many beds. They were also observed on 
potato and on most solanaceous weeds 
when the plants first appeared in the 
spring. They were found feeding freely 
on burdock plants near one plant bed, 
but in other localities there were few 
heetles on this weed. Some beetles oe- 
curred on turnip, giant ragweed, cockle- 
bur, pokeweed, string bean and chick- 


hacco plant 


weed, but there was little evidence of 
feeding. 
There was a definite migration of 


beetles from the above sources to the to- 
bacco plants when the latter were set in 
the field. The insects could be found in 
small numbers, however, throughout the 
season, in plant beds and on potato plants 
until the vines died. They were also found 
throughout the season on jimson weed 
but were seldom found on other solana- 
ceous weeds growing outside of the to- 
bacco fields. The population of beetles 
in the tobacco fields increased from less 
than one beetle to about 70 per plant 
during the late spring and summer. 

About the first of August and 
after the harvesting of the crop was begun 
the flea beetles began leaving the tobacco 
fields. As harvesting progressed more and 
more beetles left the fields until by the 
middle of September there were compara- 
tively few left on tobacco. The beetles 
scattered over cultivated fields, meadows, 


soon 








168 JouRNAL OF EcoNomMIC ENTOMOLOGS Vol. 33, No. 3 


pastures, and woodlands and fed on a 
great variety of plants. The following 
solanaceous plants were severely at- 
tacked: tobacco, black nightshade, po- 
tato, horsenettle, jimson weed, tomato, 
ground cherry (Physalis heterophylla, P. 
angulata, P. lanceolata, P. pruinosa), egg 
plant melongena) and pepper 
Capsicum annuum). Following is a list 
of plants on which the flea beetles were 
found oceasionally and on which they fed 
sparingly in the late summer and fall: 


Solanum 


Phytola aide tmdra | 

iretium la, pa P) 

Vanthium canade) / 

{mbrosia trifida L ’ 
Nohidago altiss Ly 

Solulago 1 Li 1 
Krechtites hieracito / /} 

Eu pator am albun / 

(rnaphalium poly phalun P? 

Ipomoea hedevacea ; 

I pomoea purpurea Bra 

Tp ( 1 pand r 

| pomoea « nea ! tranthus sp 
C'ellis mi <1 py} } Rauhu sp blackberrs 


The beetles were found occasionally on 
the foliage of the following trees: oak, 
sourwood, maple, hickory, black locust, 
sumac, wild plum, vellow pine and white 
pine. 

Weep anp BeetLe Counts.— Thirteen 
tobacco fields representing two soil types, 
having different degrees of slope, located 
in three localities and surrounded by 
Various types of vegetation were selected 
for beetle and weed counts. The beetles 
were counted on 25 tobacco plants se 
lected at scattered 
over each field. Counts of 
weeds were made in June, both inside 
and outside the fields. In the fields the 
weeds were counted in several rows of 
tobacco. Outside each field but within 
100 feet of the borders a 10-foot string 
with a weight attached at each end was 
tossed at random and the weeds within 1 
foot of the string were counted. This oper- 
ation was repeated twenty times for each 
field. The numbers of weeds were caleu 
lated to show the number per 100 square 


random but evenly 


solanaceous 


yards. 

Only three solanaceous weeds were en 
countered in the weed counts. The num 
ber of weeds per 100 square yards and 
the species were as follows: horsenettle, 
35 outside: ground 
FP’. heterophylla), 0.2 inside, 0 out- 


7 inside the fields, 
cherry 


side; and black nightshade, 0.1 inside, 
1.5 outside. 

Of the cultivated solanaceous plants 
only the potato and tomato were present 
on many of the farms. Most farmers 
planted one or two potato patches in the 
vicinity of tobacco fields in the early 
spring. The potatoes generally came up 
about the time the beetles emerged from 
hibernation. \ few tomato plants were 
generally set out about the time the to- 


hacco plants were set in the field. 
results of beetle 
two fields. cnn of which 


Figure | shows the 


counts made i 


60 


Plant 


per 
Cc 
c 


obacco Flea Beetles p 
ae) a 
c 











20 
& 

7 8 3 10 ll 

Weeks after Time of Planting 
ke | The tobacco flea bette populations in two 
fields, one with two tobaceo plant heds and the 
other with two potato pate hes on their border (A): 
ind t eleven fields with neither plant leds nor 
potatoes in the emits BR 


had two tobacco plant heads beside it and 
the other, two potato patehe 5, and in 11 
fields which had no tobaceo plant beds 
or potatoes nearby In the former there 
was a decided increase in the beetle popu- 
lation at the third week, but in the latter 
no increase came until the fourth or fifth 
week. It was apparent that the increase 
in the beetle population in the former 
fields was due to beetles that had begun 
to develop in the plant beds or potato 
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patches before the tobacco plants were 
set in the field. It can also be seen from 
the figure that after the third week the 
beetle population increases were parallel, 
but that the former was about two weeks 
ahead of an nearly twice as large as the 
latter. 

REARING EXPERIMENTS.— Plants upon 
which the adults of the tobacco flea beetle 
were known to feed were planted in a 
small plot of land with the type of soil 
commonly used for tobacco Twenty-six 
species of plants representing 11 families 
were used. Beetles were caged on the 
plants in cages made of muslin supported 
by metal frames (Fig. 2). Thirty beetles 
were placed in each cage and were left 
for four days and then removed. The tops 
of the cages, which were removed at this 
time, were left off for 16 days and then 
replaced. During the next 23 days daily 
examinations were made for emerging 
beetles. The beetles used in all the tests 
of a series were collected at one time from 
the same locality and were placed in a 
common container, from which they were 
transferred to the cages in lots of 380 each. 
It was beheved that hy this method the 
proportion of the sexes and other condi 
tions as regarded the beetles used would 
be approximately the same in all tests. 
In order to determine whether or not the 
heetles were depositing eggs during the 
time that they were caged, 30 of the 
heetles from each collection were placed 
In an oviposition cage and observed for 
oviposition, 

Ry SULTS Kegs were ce posited by the 
beetles in all the cheek cages for the dif 
ferent SCTIOS., No beetle s develope dl, how 
ever, on any of the non-solanaceous plants 


Table 1.—Number of tobacco flea beetles 
emerging in cage tests. 





Bir s EME 
Nowe 
Pi ~ Tests Total Aver 
Pobaceo S OG 5.8 
Jimson wees 172 rte 
Potato hy ro 3 9 
Tomato 7 a) 7.9 
Black nightshade r 22 ‘3 
Horsenet tle r rT) 1.3 
Ground ( herr \ 

P. heterophylla r ; 4+ 
Pepper 6 ) 0 
Ground cherry 

P pruinosa ; 2 oe 
Egg plant } 11 r.4 
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tested. These included the following 
plants: Rumex acetosella, Phytolacca de- 
candra, Stellaria media, Brassica rapa, 
Brassica oleracea, Rubus sp., Vigna sinen- 
sis, Phaseolus vulgaris, Viola fimbriatula, 
Oenothera biennis, Ipomoea pandurata, 
Erigeron (2 spp.), Ambrosia trifida, Are- 
tium lappa, and NXanthium canadense. 
Beetles developed on all the solanaceous 





hic. 2.--Cages over plants used in rearing 
experiments 


plants tested, tobacco, jimson weed, and 
potato being by far the most important 
host plants (Table 1). 

Discussion.— These studies indicate 
that in Pittsylvania County wild host 
plants were of minor importance during 
1939 in building up the infestation of 
tobacco by the tobacco flea beetle. Al- 
though the adult beetles fed on a number 
of wild plants, their inability to multiply 
on any but those of the family Solanaceae 
and the searcity of the members of that 
family in the vicinity of tobacco fields 
minimize their importance. Few beetles 
could be found on horsenettle, the only 
weed sufficiently abundant to receive 
consideration, and there was no correla- 
tion between the presence of this weed 
and the infestation of tobacco plants in 
nearby fields. 

The potato is the only cultivated solan- 
aceous plant that occurred in the field 
early enough in the spring to be of impor- 
tance as a host of the tobacco flea beetle 
before the tobacco was. set. Rearing 
studies showed that the insect reproduced 
almost as readily on potato as on tobacco. 
Since potatoes were grown frequently in 
the vicinity of tobacco fields, therefore, 
it would be assumed that the potato 
might be of importance in increasing the 





+70 


infestation in these fields. Observations 
indicated that this was true. In tobacco 
fields with potato patches nearby, new 
generation beetles appeared first on to- 
bacco plants next to the potato patches, 
in some Cases before there had been sufh- 
cient time for the beetles to develop on 
tobacco plants after they had been set in 
the field. 

SumMary.—In the spring, adult beetles 
were found feeding on 18 hosts: during 
the growing season, they occurred prin- 
cipally on tobacco; and in the late sum- 
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mer and early fall 52 


host plants were 
recorded. 

The insect was reared on all plants of 
the family Solanaceae tested, but not on 
16 species of plants representing 10 other 
families. The heetles developed most 
readily on tobacco, potato, and jimson 
weed. 

Tobacco plants in the bed and potato 
in the field were important in’ building 
up the beetle population in nearby fields 
in the spring before the tobacco plants 
were set in the field 1-6-40 
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Migration of the Tobacco Flea Beetle 


(. B. Dominick, Fa Station, | yinia 
\ study of the migration habits of the 
tobacco flea beetle, EF pitriec part ula (F. 
was made at Chatham in 1939. Observa 
tions were made from the time the beetles 
began emerging from hibernation in the 





Adhesive screen of the ty pe used 


Fic. 1 


in the migration studies 


/ | Station, CI 
spring until they began entering hiber- 
nation in the fall 

NMieruop aD STUDY Screens | foot 


wide and 6 feet high were constructed of 
lattice strips and covered with 20-mesh 
The cloth was 
coated with tanglefoot so that a 
smooth, adhesive surface was presented 


copper wire cloth. wire 


tree 


Kach screech Was placed in 
an upright) position 6 inches from. the 
ground at a se lected location hig. | 
Beetles caught on the faces of the sereens 
intervals 


on each side 


were removed and counted at 
of 2 or 3 day s. The counts were made so 
as to give the number of beetles captured 
on each side of the sereens and at different 
heights 

MIGRATION UPON EMERGENCE FROM 
HiBneRNATION On Mareh 15. three 
screens were placed at intervals of 40 
feet and at a distance of 20 feet from the 
edge of a wooded area adjacent to a 
tobacco field where beetles were known to 
have been abundant late the preceding 
fall. The sereens were left until May 30, 


at which time most of the overwintering 
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insects had died out. The data obtained 
show that the beetles of the hibernating 


brood were active from the latter part of 
March until the last of May and that the 


period of greatest activity Was the last 
week in 
beetles was captured on the side of the 
screen facing the wooded area and at a 
height of 2 to + feet Table 1). It is ap- 
parent that many of the beetles had hi- 
bernated in the litter along the edge of the 
wooded area. 

Upon emergence from hibernation the 
tobacco flea beetles immediately migrate 
to available food plants. In the early 
spring they were first found feeding on 
tobacco and other host plants near to- 
haceo beds and in the \ einity of favorable 


hibernating quarters 


Table 1.—Tobacco flea beetles captured and 
their positions on three adhesive screens located 
along the edge of a wooded area adjacent to a 
tobacco field, March 17 to May 30. 








NUMBEI Bes ~ SCREENS 
bane \l Hei hit of 
i 
SHE! coe | ell | 4 4 } t 6 
NUMBEI Field Wood beet Feet Feet 
| ( 7s | 74 1 
) > 76 ( Ot | 
ou ~ SS 17 
Potal 17s 45 4 s2 229 oo 
‘HH 
Migration to Tosracco PLAaNts. 
\ small square plot of about one-third 


of an acre of newly set tobacco plants lo 
cated in the center of a grassland area was 
selected, and on May ld a Was 
placed at the middle of cach side of the 
plot and about 10 feet from the tobacco 


screen 


plants. The data show that there was a 
definite movement of the beetles from 
the direction of the grassland to the to 
bacco plants (Table 2). It 
this time that there 
the number of beetles in plant beds and 


was noted at 
Was a decrease inh 
on other host plants 

More Injury was observed on tobacco 
plants which were near potato patches. 
\ppare ntly thre beetles from 
hibernation and fed on the potato which 
is known to be a food plant of the tobacco 
flea bree the 
develop on potato and the adults migrate 


tobacco fields Morrill & La- 


cine rgved 


It is evident that a brood may 


to me arby 
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\pril. The largest number of 
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Table 2.—Tobacco flea beetles captured and 
their positions on four adhesive screens located 
around a field of newly set and growing tobacco 
plants, May 17 to July 12. 





NUMBER OF BEETLES ON SCREENS 


At Heights* of 


Facing 


Newly Facing 
SCREEN Set Grrass- 1-2 2-4 + -6 
Numper Plants land Feet Feet Feet 
l l 17 t 13 l 
2 l 1! 0 s + 
3 2 15 l 13 8 
} 3 15 3 14 l 
Total 7 58 S 18 9 





* Height from bottom of screen which was 6 inches from the 


ground 


croix (1937) found that the potato flea 
beetle, Epitrix cucumeris Harr., seemed 
to fly from potato to tobacco. 

MicraTion DURING SUMMER AND FAL. 

On July 9 two adhesive screens were 
erected 30 feet apart and 20 feet from 
the border of a tobacco field one-third 
of an acre in area and 125 feet from an- 
other tobacco field 1 acre in area. More 
beetles were captured on the fronts of 
the screens facing the larger field (Table 
$3). The flea beetle population, however, 
was larger per unit area in the smaller 
tobacco field than in the larger field. 
The tobacco in the smaller field was never 
primed, and it is likely that the beetles 
collected there when the tobacco in the 
larger field was primed. The harvesting 
operation consists of the removal of the 
lower leaves as they ripen and is referred 
to as priming. 

On July 15 four adhesive screens were 
erected at intervals of 40 feet in the center 
of a strip of grassland 150 feet wide be- 
tween two tobacco fields, one field con- 
taining about 10 acres, the other, 3 


Table 3.—Tobacco flea beetles captured, and 
their positions, on two adhesive screens located 
between two tobacco fields, July 11 to Septem- 
ber 16. 





NUMBER OF BEETLES ON SCREENS 





Facing Facing Height,* in Feet 
SCREEN Small Large 
NUMBER Field ~~ Field 1-2 2 4 $6 
| 178 289 119 226 122 
4 207 S11 S06 $95 217 
Potal S385 1100 125 721 339 
ime es trom the 
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Table 4.—Tobacco flea beetles captured, and 
their positions, on four adhesive screens located 
between two tobacco fields, July 18 to Septem- 
ber 16. 





~ 


NUMBER OF BEETLES ON SCREENS 





Facing Facing Height,* in Feet 
SCREEN 10-Acre 3-Acre 
Number Field Field 1-2 2 4 6 
l 325 678 boo ho 284 
) 738 662 £50 Hoe Soo 
$ 272 16 110 212 117 
t 1456 1190 7S2 1256 608 
Total 2991 2697 IS1O 2530 1348 
Heigt 
g und 


acres. The results indicate little migration 
of the beetles in July and August but a 
decided movement in September. The 
stalks and suckers had been cut on August 
$1 and this apparently accounted for the 
increase in migration. There little 
difference in the numbers of beetles taken 
on the two sides of the sereens, but. as 
the other tests, most beetles were taken 
at the height of 2 to 4 feet on the screens 
table 4). 

The numbers of beetles gradually de- 


Wiis 


creased in all tobacco fields examined, and 
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erected ona pole 24 feet high. The upper 
screen extended from LS to 24 feet in 
altitude and the lower sereen from 11 to 
17 feet. With the exception of the interval 
of 1 foot between the screens, therefore, 
they formed a continuous screen from an 
altitude of 11 feet to an altitude of 94 
feet. The sereens were changed at each 
examination so that the direction in which 
they faced was alternated between north- 
south and east-west. By far the greatest 
number of beetles were taken at the low- 
est altitude (table 5), although some were 
taken at an altitude of 22 to 24 fect. The 
data do not indicate any significant 
effect of the direction that the 
faced upon the number of beetles cap- 
tured. 

SummMary.— The migration habits of 
the tobacco flea beetle were studied by 
means of adhesive sereens. [It was found 
that upon from hibernation 
the beetles migrate to the first available 
host plants. At the of the trans- 
planting of tobacco, the imsects tend to 
migrate from other host plants to newly 
set tobacco plants. The largest number of 
beetles were captured on adhesive sereens 
at a height of 2 to 4 feet the 
ground, although some were caught at an 


ScCTeeTIS 


CTHCTYECTIICE 


time 


above 


Table 5.—Tobacco flea beetles captured on elevated screens. 
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by September 10 very few were found on — altitude of 22 24 feet. It) was demon- 


tobacco plants. 


strated that the most extensive migration 


ELEVATED ADHESIVE SCREENS On takes place after the tobacco has been 
September 6 two adhesive screens were harvested. 1-66-40 
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Breeding Hosts of the 


( LEMEN 


The tobacco flea beetle Epitrix par- 
rula F.) long has been recognized as a 
pest of major importance on topacco be- 
ing grown for flue curing. The damage can 
he ascribed to three stages in the growth 
of the plant, namely, to tobacco seedlings 
in the plant bed, to newly transplanted 
tobacco, and to tobacco growing in the 
field. 

While flea 


seedlings in the plant bed and to tobacco 


beetle damage to tobacco 


growing in the field is of great importance 


observations by Schoene (1938), Shands 


et al. (1938), and others strongly indicate 
that the damage to the newly  trans- 


planted tobacco has been under-empha- 
sized. Unpublished results of studies con- 
ducted at the Oxford, N. C., laboratory 
since 1935 have shown that year 
newly transplanted tobacco been 
populated hy the beetle during two dis- 
tinct periods, immediately after it) was 
transplanted and again about 
weeks later. The latter movement of the 
heetles to tobacco in the field has always 


each 
has 


“o 
Or 


occurred before a generation of the beetle 
could have matured on the newly set 
tobacco. 

Studies conducted in 1938 showed that 
horse netth . 
the only wild host plant abundantly oc- 
curring in or near tobacco fields in the 
vicinity of Oxford, was of little impor- 
tance as a breeding host of the beetle, and 


Solanum carolinense 1,. 


they strongly indicated that the seeond 
population increase was the result of a 
distinct influx of beetles. Other tests 


tobacco 
>. 


earried on in 1988 showed that 
in plant beds, potatoes, nightshade 
nigrum L.), and tomatoes were breeding 
hosts of the beetle. 

Further studies were conducted in 1989 
to determine the Importance of tobacco 
in plant beds and of potatoes “as breeding 
hosts of the beetle. Nightshade and to- 
matoes were omitted because the former 
plant is of limited distribution and occurs 
principally in plant beds and because to- 
matoes are transplanted to the field so 
late they could be of no importance as an 
early season breeding host of the beetle. 
so Poem ony bang, ‘ : Bilmore, D.B 
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‘Tobacco Flea Beetle 


NS. De partme nt of fyriculturet 


KXPERIMENTAL  PrRocEDURE.—Cages 
were placed over tobacco in plant beds 
located in a small woods and over pota- 
toes in the field, and all beetles emerging 
in the cages were collected daily. 

The tobacco plant beds were seeded on 
February 20. When the seedlings reached 
the four-leaf stage, which was between 
April 5 and 13, cages were placed over the 
plants in 20 small areas. One series of 10 
areas was infested with 10 beetles per 
cage and the other with 20 beetles per 
cage.** Ten additional that had 
been naturally infested were caged on 
May 16 when observations showed that 
the first generation of beetles would soon 
begin emerging in plant beds. On this 
date the plants in all cages were thor- 
oughly treated with a dust mixture con- 
taining one per cent of rotenone to kill 
all beetles present. Beginning three days 
after treatment and continuing for a 
period of approximately three months 
new ly emerged beetles were removed from 
the cages daily. 

The cages consisted of a wooden frame 
with cloth having 28 by 32 
strands per square inch. They were cylin- 
drical in shape, 18 inches tall, and covered 
an area of about one square foot. 

Two wooden frame cages four feet tall 
and covered with the same kind of cloth 
were placed over plant-bed areas of $2 
square feet each soon after the beds were 
seeded on February 20. On April 5 and 
6, when the tobacco seedlings began to 
reach the four-leaf stage, ‘he cages were 
populated with four and eight beetles 
per square foot. Subsequent treatment 
and observation of these cages were simi- 
lar to those described for the small cages. 

At intervals of approximately a month 
during the summer 10 small cages were 
placed over undisturbed tobacco plants 
remaining in the plant beds which had 
been naturally infested by the beetle. As 
soon as the cages were established the 
plants in each were treated with a dust 
mixture containing one per cent of roten- 
one to kill all beetles. Daily records were 


areas 


covered 


then kept of the numbers of newly 
emerged beetles recovered in each cage. 

** No satisfactory method of determining the sex of li ing 
beetles was known by the auth 


” 
~~? 
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Table 1.—Recovery of tobacco flea beetles in 


tobacco plant beds following various initial in- 
festations. Orford, N. C., 1939 
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Potato plantings were made on Febru- 
ary 20 and, as the shoots appeared, cages 
were placed over individual plants. \ 
series of 10 plants were infested with 10 
heetles per cage and another series of 10 
plants with 20 beetles per cage, on \pril 
S and 12. On May 16 cages were placed 
over individual potato plants that had 
heen naturally infested. Beginning on 
May 16 and continuing until July, when 
all the plants had matured and died, 
treatment of these was identical 
with that deseribed for the small cages 
used during the early part of the season 
The cages used 


CaLCs 


in tobacco plant beds. 


were similar to those employed in the 
plant hed studies. 

RESULTS. 
with tobacco in plant beds, as given in 
tables Land 2, show that large numbers of 
heetles emerged. The first 


The results of experiments 


beetle emer- 
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gence was observed on May 25, which was 
during the latter part of the 8-week trans- 
planting season. There was practically no 
difference in the time of first emergence 
between artificially infested areas and 
those naturally infested. The period of 
greatest emergence for all cages was dur- 
ing June and July. There appeared to be 
a positive but not proportional relation- 
ship between the intensity of initial in- 
festation and the number of beetles re- 
covered in May and June. During these 
months far greater numbers of beetles 
were recovered from areas naturally in- 
fested than from areas artifi- 
cially infested (series 1 and 2), which had 
higher initial infestations. The naturally 
infested plant bed in series 3 showed aver- 
age initial infestations of 1.6, 8.6, and 6.8 
beetles per square foot on \pril Ds May 
5, and May 10, when the insects were re- 
with an electrically operated 


series 3 


moved 
sucker. 

The results of experiments with pota- 
toes, as given in table 2, show that large 
numbers of beetles were recovered late 
in May and in June. First 
gence occurred on May 24 in plant areas 
artificially infested and in areas naturally 
infested. Beetles continued to emerge 
apparently as long as the roots of the 
plants were able to support the immature 


beetle emer- 


stages. 
Discussion or Restuvtrs.— The fact 
that during the part of the season when 
beetle emergence was greatest in tobacco 
plant beds the caged plants, as well as 
those in surrounding beds which were not 
caged, showed little or no feeding hy the 
beetles was an indication that the emerg- 
ing beetles soon! deserted the plant beds. 


The potential Importance of the tobacco 


Table 2.—Recovery of tobacco flea beetles in 
1 }-square-foot cages over potato plants following 
various initial infestations in the field. Oxford, 
N. C., 1939. 
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plant bed as a breeding ground of the 
beetle can readily be discerned when it is 
realized that an average of approximately 
100 square yards of plant bed are grown 
for each acre of tobacco transplanted to 
the field. It is also estimated that usually 
about one-tenth of an acre per farm is 
planted to early potatoes. The results of 
this study strongly suggest the desirabil- 
itv of controlling the beetle in tobacco 
plant beds, particularly during the early 
part of the season. 

StMMARY.—— Studies were conducted at 
Oxford, N. ©C., in 1989 to determine the 
importance of tobacco in plant beds and 
of potatoes in the field as breeding hosts 
of the tobacco flea beetle (EF pitrix parrula 
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F.). Counts were made of beetle emer- 
gence in cages placed over plants that had 
been artificially infested with various 
numbers of beetles and plants that had 
been ‘naturally infested. It was found 
that both and potatoes were 
breeding hosts of great importance, par- 
ticularly during the early part of the 
season. The first generation of beetles be- 
gan to emerge after tobacco was 
transplanted to the field. The evidence 
obtained showed that the 
moved from the plant beds because the 
numbers that emerged in the beds were 
sufficiently large to have caused severe 


tobacco 


soonl 


beetles soon 
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Control of the Squash Bug by Calcium Cyanide* 


Dwicut Isevy, Unire 


There is a great diversity among the 
recommendations for squash bugt control 
which suggests that none is entirely satis- 
factory. A number of contact insecticides 

effective in killing the 
hit. These have included 
nicotine, and various pyrethrum 
preparations. In my experience, these in- 
secticides have been only partially effee 
tive because of the impossibility of hitting 
a large enough percentage of the bugs by 
ordinary spraying operations. Truck 
growers find this even more difficult than 
do those engaged in experimental spray 
ing. Furthermore, the effectiveness of 
contact insecticides may be limited by the 
environmental conditions. As for instance, 
soap is effective only when evaporation is 
low, which probably accounts for the 


appear to he 
bugs actually 


soap 


varying degree of success resulting from 
its use 

Dusting with calcium eyanide has also 
been tried occasionally for control of the 
squash bug. The possible usefulness of the 
evanide for this purpose was first men 


tioned by Sullivan (1924). Since then it 
has received attention from Little (1927), 
* Researc! Paper No. 677, Journal Series, Universit Ar 
kansas 
+t Anasa tristis DeG.; order Hemiptera, family Coreidae 


rsity of Arkansas 

Pack (1950), Knowlton (1983), Hutson 
1935), Hixon (1935), and Moore (1936). 
Most of these investigators used it as a 
dust. As a rule it caused injury to plants, 
and possibly because of this usually it 
was given little further attention. 

Calcium cyanide dust applied in the 
open, with a bellows duster, was used by 
the writer for the control of squash bug 
in 1927 and 1928. The results were similar 
to those described by some of the other 
investigators; that is, the bugs hit were 
killed but plants were usually injured 
except during periods of very dry weather. 
Actual contact with the bugs was neces- 
sary, so that calcium cyanide had no 
marked advantage over any other contact 
insecticide. 

Calcium cyanide dust under canvas was 
given a limited trial in August 1938. The 
hills were covered with canvas individ- 
ually, and under these conditions 100 per 
cent of the bugs were killed during an ex- 
posure as brief as three minutes. The ap- 
plication differed from those previously 
referred to in that the dose of dust for 
each hill was placed under the vines, and 
that there was no necessity for contact 
with the insects. No injury to plants oc- 
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curred. Since no rain fell during the period 
when applications were made injury was 
not expected. The plants used were small, 
late-planted bush squashes. 

Flake cyanide was given an éxperi- 
mental trial in 1939. The advantages of 
flake cyanide over dust are that it does 
not adhere to the foliage and, if dropped 
upon leaves, the flakes usually slide to the 
ground. This removed the necessity of 
carefully placing the insecticide under the 
plants to avoid foliage injury. The flakes 
also liberate gas more slowly than dust, 
which makes the former somewhat 
disagreeable to handle. On the other hand, 
the slower action may also be rated as a 
disadvantage. The flakes are the cheaper 
of the two forms. 

\ field of large bush squashes was used 
for experiments. The size of the plants at 
the time the cyanide applications were 
made is indicated by the fact that the 
fruit was being harvested, and that the 


less 


runners met in the row. The hills were 
three feet apart, and the rows 4 feet 
apart, making an average area of 12 


square feet to be fumigated for each hill. 
The applications were made during mid- 
summer between June 27 and August 2. 
\ canvas 9 feet 6 inches wide, which was 
ample for covering two rows at a time, 
was used as a trailer. The trailer was 
dragged over the vines as the insecticide 
was applied and then was left stationary 
for the various periods of exposure under 
trial. In some of the tests about a half 
pint of water was poured on each dose of 
cyanide to hasten action. 

The most satisfactory dosage for plants 
of this size appeared to be one ounce to 
the hil, divided into two parts and 
dropped on either side of the plants. If 
water was used with the cyanide, prac- 
tically all bugs were killed in five minutes. 
If water was not used, an exposure of 10 
minutes Was necessary to secure satisfac- 
tory results. 

The average percentage of squash bugs 
killed was 98.3 in small plots on which one 
ounce of flake cyanide with water was 
used for each hill. This figure is based on 
the results of applications on five different 
dates. When the same dosage and expo- 
sure was used on a large section, 91.1 per 
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cent of the bugs were killed. The bugs 
which escaped were usually found hang- 
ing on the canvas. 

Exposures of 3 and 4 minutes were tried 
but in both instances the percentage of 
bugs apparently killed was less than 80, 
and some of these were only  stupified, 
The short exposures which were effective 
in 1938 when only hills were treated were 
not satisfactory when entire rows were 
involved. When a half ounce of cyanide 
was used at a 10 minute exposure, 56 per 
cent of the bugs were killed. The percent- 
age of mortality at shorter exposures was 
still less satisfactory. 

The practical utility of cyanide in the 
control of the squash bug was not given 
adequate trial. The high cost may prevent 
its usec. since evanide has ho apparent 
effect on squash bug eggs, a second appli- 
cation after the eggs have hatched will 
be necessary in heavily infested fields. It 
cannot be expected that a part of the cost 
ean be charged to the incidental control 
of other pests. For example, the dosage 
and time of exposure which were success- 
ful against the squash bug could not be 
depended upon to control the striped 
cucumber beetle. 

In the control of the squash bug, fumi- 
gation under canvas has an advantage 
over the use of contact insecticides in that 
it is not necessary to hit the bugs and con- 
sequently a much more satisfactory kill 
can be secured. The nearly complete kill 
of the bugs reduces the required number 
of applications. When contact insecticides 
are used, successive applications are nec- 
essary, sometimes because of migrations, 
but often because of a failure to hit a large 
enough percentage of the bugs. Regardless 
of the insecticide used, small plots are 
rapidly reinfested. On the other hand, an 
entire field was treated with evanide in the 
summer of 1939 after the migration from 
hibernation had ceased, and the problem 
of successive invasions of bugs was not 
encountered. 

The 
vary depending upon the size of the 
plants, and the temperature and moisture 
at the time the application is made. 
Probably a dosage of one ounce to a hill 
will be the maximum required. 


dosage required will doubtless 
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Pea Aphid Control in Maryland During 1939! 


L. P. Ditman, ¢ 

Studies on pea aphid control on Alaska 
peas In Maryland consisted of a replicate 
plot experiment and a set of control dem- 
onstration plots, both located on the 
Eastern Shore at Ridgely. 

Replicate Plot Ex periments.— Replicate 
experiments were carried out with the 
following objectives in- mind: first, to 
compare two types of spray nozzles; sec- 
ond, to compare two spray pressures used 
with each of the two types of nozzles; 
third, to determine the effect of particle 
size on the toxicity of cubé; fourth, to 
compare further the effectiveness of derris 
and cubé; fifth, to compare the effective- 
ness of derris dusts and derris sprays; and 
sixth, to determine the effect of humidity 
and temperature on the toxicity of derris 
dusts. 

Mertuops.— Forty plots of peas of one- 
fortieth each available. On 
these, nine treatments were made, each 
replicated four times, leaving four un- 
treated check or control plots. The ran- 
dom block method was used in locating 
treatments. All treatments were made 
May 18, when the first blossoms were ap- 
pearing. The aphid population was in- 
creasing rapidly at this time but no injury 
Was vel apparent on the peas. All plots 
were harvested June 6. 

Population records were made May 17, 
25 and 29. Records on mosaic infection 
were taken June 5. Humidity, tempera- 
ture, and rainfall records were kept during 
the entire period of the experiment. 

The following treatments were applied: 

1) Black 
8 pounds and sodium lauryl sulfate 1 
pound), used at the rate of 4 pounds per 
100 gallons of water, applied with an 
Agicide boom, nozzles 6 inches apart, at 


acre were 


frrow “SS” consisting of derris 


Contribution number 504, University of Marvland Agricul 


tural Experiment Station, Department of Entomolog 


Granam, and E. N. Cory, University of Maryland, College Park 


600 pounds pressure, No. 1 disks were 
used in nozzles. (2) Treatment same as 
No. 1 except 300 pounds pressure used 
instead of 600. (3) Same materials as No. 
1 applied at 600 pounds pressure with 
Hardie nozzles which were arranged in 
pairs with a nozzle on each side of the 
boom on an extension so as to be about 15 
inches apart. The nozzles were turned in- 
ward, downward and slightly to one side 
so as to twist the plants by the force of 
the spray. Ten nozzles were used on a 
10-foot boom. No. 2 disks were used in 
the nozzles. (4) Treatment same as No. 3 
except 300 pounds pressure was used. (5) 
Black Arrow “77° (consisting of cubé 8 
pounds and sodium lauryl sulfate 1 
pound), 4 pounds per 100 gallons of water, 
Agicide boom, 600 pounds spray pressure. 
6) Micronized®? cubé 8 pounds and _ so- 
dium lauryl sulfate } pound to 100 gallons 
of water, .[gicide boom, 600 pounds spray 
pressure. (7) Black Arrow “444° (consist- 
ing of derris, tale, 5 per cent sulphur, 1 
per cent sodium lauryl sulfate), applied as 
a dust at 10:30 4.m., actual temperature 
at time of application 73 to 76 degrees 
F., humidity 40 per cent, wind velocity 1 
to 2 miles per hour, no moisture on plants. 
8) Same material as in treatment 7, 
applied at 5 a.m., actual temperature 52 
to 53 degrees, humidity 78 to 79 per cent, 
wind velocity 1 to 2 miles per hour. Very 
slight dew on plants. (9) Dust furnished 
by Madison Laboratory of the U. 5. 
Department of Agriculture, Bureau of 
Entomology and Plant Quarantine,’ con- 
taining derris and tale, 1 per cent Arerol 
and 2 per cent peanut oil, applied 5 a.M., 


actual temperature 52 to 53° degrees, 


contained 4.6 per cent rotenone, Black 


ent rotenone 


Black Arrow “88 
frrow “>?"" contained 3.7 per « micronized cubé 
contained 1.93 per cent rotenone, Black Arrow “}44°° contained 
1.05 per cent rotenone. Dust furnished by the Madison Labora 


tory contained 0.86 per cent rotenone 
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humidity 78 to 79 per cent, wind velocity 
1 to 2 miles per hour. Very slight dew on 
plants. 

An attempt was made to apply 150 
gallons of spray per acre on all sprayed 


Table 1.—Rates of application of spray treat- 
ments and speed of truck calculated on basis of 
150 gallons of spray per acre. 





AcTual 
Rate, Gaus 


Per Ackt 


Came PLot 
LATED Nwu™M- 
MPL BER 


PReEATMENY 


1 Agicide nozzles 2.5 6 153 gals 
600 pounds pressure 15 143 gals 
flack Arrow “SS” 21 139 gals 
TD 153 gals 

2 Agicide nozzles 1.6 } 155 gals 
300 pounds pressure 12 156 gals 
Black Arrow “SS 28 155 gals 
38 149 gals 

3 Hardie nozzles 2.6 S 159 gals 
600 pounds pressure 17 170 gals 
Black Arrow “SS 24 145 gals 
$4 141 gals. 

t Hlardie nozzles 1.7 10 155 gals 
300 pounds pressure Is 141 gals 
Black Arrow “SS” 29 134 gals 
$l 137 gals 

5 Black Arrow “7?” 2.3 ; 167 gals 
regular cubé 16 148 gals 

25 148 vals 

35 150 gals 

6 Micronized cube 2.3 | 139 gals 
14 150 gals 

30 150 gals 

$2 150 gals 





plots. With variations in spray pressures 
and types of nozzles, it was found difficult 
to deliver the exact amount. The nozzles 
were calibrated at the pressures used and 
the rate of speed for each application and 
time in seconds for treating each plot 
calculated. A careful check made 
with a stop watch and rates of applica- 
tion, calculated and actual, are given in 
table 1. 

The rate of dust applications could not 
be accurately determined because of dust 
lost between plots. It was intended that 
all dusts be applied at 40 pounds per acre 


was 


Table 2.—A comparison of tip counts and number of aphids per sweep, May 1 
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but actually about twice this amount was 
applied as indicated by the difference jn 
weight of dust in the machine before and 
after treatments. The machine traveled 
approximately 3 miles per hour and a 
25-foot apron was used. 

WeatHer Conpitions.— Excessive early 
spring precipitation delayed planting of 
peas generally. After planting there was 
ample rain until the middle of May, but 
from May 13 (5 days before treatment) 
until peas harvested no rain fell. 
The result was failure of the pea crop in 
many sections of the state. This dry pe- 
riod was responsible for the slight differ- 
ence in vields of experimental plots. After 
the first pods formed, vines became badly 
dried and no further growth took place. 
Many plants were completely killed be- 
fore harvest. 

With a combination of dry vines and 
hot weather, aphids were driven from the 
plants. Large numbers could be found on 
the ground during the hot days of late 
May and early June. On some commercial 
plantings where vines were short) and 
thin, aphid populations were apparently 
entirely killed by the heat of the sun on 
the rapidly browning vines 

Following the application of treatments 
on the experimental plots, maximum 
daily temperatures usually reached 80 
degrees or higher, while minimum tem- 
peratures varied between 50 to $0 de- 
grees. Humidity regularly increased dur- 
ing the night, usually reaching SO per 
cent or higher at about 4 a.M.; then it fell 
gradually during the day, reaching a low 
of 40 per cent during the afternoon. An 
examination of weather shows 
that there was no time during the night 
S p.m. to 6 a.m.) that a temperature as 
high as 70 degrees Occurre 7 until May 27. 
Humidity varied inversely with tempera- 
ture, the highest combination of the two 
occurring in the and in’ the 
morning. 

Yietp Resuutrs.— Because 
weather conditions already 
yields of plots indicate little as to the 
value of control measures. Only one pod 


were 


rece rds 


evening 


of adverse 


discussed, 


_ 


7, on plots 1 to 10. 
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Aphids per tip 6 0.9 3.8 | 
Aphids per sweep 27 3 28.0 27.9 22 
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per vine developed before drought  af- 
fected the growth. Had there been ample 
precipitation undoubtedly there was suf- 
ficient aphid population to have given 
significant differences between some treat- 
ments. Such variations in yields as ob- 
tained were probably caused more by soil 
moisture conditions than any other single 
factor. Average vields of the various treat- 
ments varied from 1210 to 1375 pounds 
of shelled peas per acre while the average 
of untreated plots was LO70 pounds. 

Sizes AND Grapes or Pras.—At the 
time of cutting, No. 3 sieve peas pre- 
ponderated, with a relatively large per- 
centage of No. 2, some No. 4 and a few 
No. 5 sieve Peas from four plots g, 6, $9, 
4) were sized and canned, and the canned 
product graded. Sieve sizes 1, 2, and 3 
graded standard as to maturity while No. 
t vraded substandard. 

PoruLation Recorps.—Tip counts 
were made on all plots in block one. The 
averages ranged from 0.9 to 3.6 aphids 
per tip on May 17. Twenty-five tips con- 
stituted a sample on each plot. The wide 
spread variation in these data indicates 
that the average aphids per sweep for ten 
sweeps gives a better estimate of aphid 
population than tip counts when averages 
table 2). An average 
based ona large numiby r of tips would, of 


are based on 25 tips 


course, more valid estimate but 
would require much more time than mak- 
ing sweep records. Tip count records on 
May 25 and 29 are therefore discarded. 


Pive a 


Sweep records were made May 17, 
May 23, five days after treatment, and 
May 29, cleven days after treatment 


table 5 Aphids May 17 
were counted in the field, those on May 
25 and 29 were preserved in aleohol, taken 
into the laboratory and counted. All of 
these aphids were counted except those 


swept on 


from the cheek plots, which were placed 
ina liter of water and the total number 
estimated from four aliquots taken while 
the suspension of aphids was agitated. 

The results of population estimates fol- 
lowing treatments 
variation in’ the 
treatments. 

Mos at INrecTION.— Reeords 
taken June 5. Only 6 to 20 per cent of 
plants showed characteristic svinptoms in 
check plots while in treated plots  ex- 


considerable 
value of the different 


show 


were 


amined, 6 per cent or less of plants showed 


less 


symptoms. This was considerably 
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Table 3.—Aphid populations measured by the 
sweep method based on averages of ten sweeps 
per plot. 





Apuips Per Sweep 





TREAT- PLoT 
MENT NuMBER May17 May23 May 29 
| 6 21.9 $5.5 68.8 
15 22 52.8 73.8 
21 13.6 121.9 155.9 
40 22.4 4.5 139.4 
Average 27.5 66.1 109.4 
2 ‘ 22.8 58.1 130.9 
12 18.4 53.0 108.5 
28 29.0 119.1 231.5 
38 80.5 84.5 134.7 
Average 25.2 78.7 151.4 
} Ss 22.5 29.3 56.5 
17 28.7 40.6 102.1 
24 38.3 80.9 246.2 
34 31.3 40.7 194.6 
Average 30.2 $7.9 149.8 
rt 10 16.8 56.5 119.1 
Is 29.5 72.2 141.9 
29 24.1 93.9 282 .6 
$1 26.7 95.6 355.5 
Average 24.3 79.5 224.7 
5 3 27.9 124.0 217.9 
16 21.0 110.1 266.9 
25 34.0 191.6 $22.8 
35 27.5 150.9 262.9 
Average 27.6 144.2 268.8 
6 l 27 .3 16.9 172.3 
14 23.0 68.9 133.9 
$0 26.0 7.8 254.5 
32 24.1 67.2 185.0 
Average 27 6 57.6 186.4 
7 7 20.6 84.4 112.1 
19 23.5 22.6 47.9 
27 25.3 118.6 223 .2 
86 24.2 $34.4 40.4 
Average 23.4 63.7 105.9 
~ 5 25.0 $8.2 39.5 
13 15.0 16.0 28.5 
23 35.0 $2.6 87.1 
33 24.3 21.5 58.6 
Average 24.8 29.6 53.4 
9 9 18.2 $2.1 93.5 
20 27.1 20.5 62.1 
22 2.9 72.7 141.4 
37 28.2 8.5 $5.8 
Average 29.1 35.9 85.7 
10 2 28.0 502.0 1461.0 
11 21.5 670.0 1481.0 
26 24.6 1077.0 2794.0 
39 24.8 1265.0 1632.0 
Average 24.7 878.6 1842.0 
than experienced last year and was 


probably the result of the later appear- 
ance of aphids in 1989. The build-up of 
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Table 4.—‘‘t” Test of differences between several treatments based on population records of May 
23 (table 3) five days after treatments. 





TREATMENT 


Berrer Kon 














PREATMENTS ComPparkep NUMBERS t-vAnue 
Black Arrow ** and Micronized cul 5 and 6 +. O64 Micronized cubé 
Black Arrow “SS” and Black Arrow * land 5 7.497 Blac frrow “SS” 
Hardie nozzles, 600 pounds pressure and Hardie noz Sand 4 3.640 600 pounds pressure 
zles, 300 pounds pressure | 
Black Arrow “SS” and Black Arrow “*4450° 5 am lands 2.440 Bla {rrou A 
Hardie nozzles, 600 pounds pressure and Agicide neoz Land 3 2.290 Hlardie nozzles 
zles, 600 pounds pressure | 
Black Arrow “444°, 5 a.m., and Bla frrow 4454." 7ands 2.325 > A.M. application | 
10:30 a.m 
Peanut oil dust and Black Ary 44. 3 ALM Sand 9 0.745 B {rro ay 
{gwule nozzles, 600 pounds pressure and ly ¢NOZ Land 2 1.282 600 pounds pressure 
zles, 300 pounds pressure 
| 
From Fisher's table of t when n =3 at the 5 pe ent point lds 19-1) t Is2 Oy t =2.353 
it the 20 per cent point dds 4-1) t 1.655 
Table 5.—‘‘t” Test of differences between several treatments based on population records of May 
29 (table 3) eleven days after treatment. ‘ 
PREATMEN 
PREATMENTS COMPARED NUMBERS t-VALUI Berrern kK 
Black Arron and Micronized cubs Sand 6 $379 Micronized cube 
Black Arrow “SS” and Bla frrou land 5 10.787 B 1, ss 
Hardie nozzles, 600 pounds pressure and Ha nhoz Sand 4 2 ote (ine pounds pressure 
zles, 300 pounds pressure 
Black Arrow “88” and Bla frrow “444° 35 aM lands $ S48 B ty 
Hardie nozzles, 600 pounds pressure and .fy Noz land 3 1. S64 Ia nozzles 
zles, 600 pounds pressure 
Black Arrow **444.°° 5 A.M... and Black A ) tad Jands 1.3605 7AM ipplu ition 
10:30 a.m 
Peanut oil dust and Bla irr “$44, 5 a.m Sand 9 2.045 Bla I 
tyicide nozzles, 600 pounds pressure and ty le noz land 2 2.367 GOO pounds pressure 
zles, Soo pounds pressure 
Table 6.—Treatments applied in demonstration plots. 
PLot AMOUNT Time ot 
NUMBER TREATMEN per Acni Peearwy 
| Spray, derris 4 per cent,’ rotenone 3 pounds plus } pound 125 vals May IS, Il aw 
sodium laurvl sulfate per 100) illons, 00 pounds pres 
sure, commer¢ ial THhite hine 
2 Spray, same material as plot l applied with .lgicide boom, 125 gals Ma Is, P2500 pow 
ooo pounds pressure 
} Spray, Black Arro “SAS, bo per cent rotenone, t pounds 125 val AY Is, 11 it M 
per 100 gallons \pplied with commercial machine as in 
plot | 
1 Spray, same materials as plot 3 ipplied with Agieme boom 125 vals Mav 18, 2 pow \ 
at 600 pounds pressure 
5 Blac frrow “444, dust, 1.05 per cent rotenone 0) Ths Ma | Ow aw 
6 Black Arro 444, 1.05 per cent rotenone, dust (i) Ths Mav 17 pow 
7 tyicide dust, 0.44 per cent rotenone, formula DI-12 65 Ibs May 17, 10 a.M 
s Micronized cubé dust, 1.54 per cent rotenone +5 ths May 17, 10:30 a.m 
9 Peanut oil dust 2 per cent, O.S6 per cent rotenone, ] per cent 0) Ths Ni 17, 1054 AM 
trerol plus tale 
10 Spray, rotenone concentrate (extract of cubé) 3 pints pet 125 vals NI IS, 2:15 pow 
100 gallons, applied with 1g boom, 600 pounds pres \ 
sure 
11 Spray, micronized cubé, 1.93 per cent rotenone, 7 pounds 125 Ma S$, 2:50 pM 
plus } pound sodium lauryl sulfate per 100 gallons, ap- 
plied with gw boom, 600 pounds pressure 
12 Black Arro 666.” dust (cube), 1 per cent* rotenone ) s Na 7. 1EiS0O a 











June 1940 


aphid population in 19389 was two weeks 
later than in 1958, 

Disct SSLON. Population records show 
considerable differences in the effective- 
ness of some of the treatments (table 
3). Though population results do not 
lend themselves to complete analysis of 

tests for differ- 
treatments were 


variance procedure, —— 
between 
tables 4 and 35). 


ences SOC 
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grees. There was also considerable wind 
in the afternoon of May 18 at the time 
of application of the sprays. Yield results 
and population records are given in table 
7. Aphid population estimates were based 
on 10 sweeps per plot. 
SumMARY.—From observations of the 
results of sweep records, table 3, and from 
a statistical analysis of the results, derris 
appears to be superior to ordinary cubé 








Table 7.—Population records and yield records of the demonstration plots. 
Por NDS Pot NDS 
Pot oF VINES OF SHELLED 
Num PER PEAS PER 
BER May 17 May?23 May26 May 29 ACRE ACRE 
| Derris spray commer al 162 IS4 1576 $05 
Triste hine 
) Same material as Plot 1 tf 82 141 138 1372 $390 
with lg de boom, 600 
pounds pressure 
Blael Irro “SS con BS 195 165 167 $72 267 
mercial machine 
} Bla {rro NN, { Hr) 0) 7 1 969 s11 
hoom, GOO pour d pres 
sure 
5 B iy 345 dust, th 1G 7 22 1631 78 
day ipplicat on 
( Bla ! ) ay dust, 4 ie tS s) 2054 657 
night appli i 
7 fyicide dust 2 G9 81 76 1711 589 
s Micronized cubé dust +t aD 35 23 2713 931 
9 Peanut oil dust i 11 23 24 1792 544 
10 Rotenone concentt ite spray +} 249 a) tS 1872 O28 
1] Micronized cubé spray 3% +2 IS $1 $7 2492 792 
pounds per 100 gallons 
12 Bla Ir HOt cubs 29 13 Is Is 2541 705 
dust 
ControL Demonstration Pwors. in effectiveness against the pea aphid. 
Twelve plots, 599 feet by 30 feet (plots Good kill obtained with micronized cubé 


land $ treated with a commercial ma- 
chine, 899 feet by 25 feet), were marked 
out ina field adjacent to the experimental 
plots alre ady discussed. The materials 
used, the amount applied per acre, time 


of application, ete., are given in table 6. 


Sweep records and vield records, both of 


vines and shelled peas, were taken (table 


\t the time of applying dusts in the 


morning of May 17, the wind was blowing 


5 to 10 miles per hour, the sun was bright, 


and the plants were dry. The temperature 


+5 degrees. At the time of the 
evening application there light 
dew, the wind approached 10 miles per 
hour, and the temperature was 65 de- 


was 75 


Was a 


ALPALI \ Idaho, 


Mic hig in 


weevil quarantine of Georgia 


Missouri, Nebraska, and Wisco 


sit have 


indicates that fine grinding may increase 
the toxicity. Dusts appear to be slightly 
better than sprays under the conditions 
of application on these plots. Dusts ap- 
plied at high humidity when dew was on 
the plants gave slightly better results than 
dusts applied later in the day when tem- 
perature was higher, humidity lower, and 
plants dry. 

At 300 pounds pressure, .lgicide nozzles 
give a better coverage than the ordinary 
type of spray nozzles. At 600 pounds pres- 
sure, the ordinary nozzles gave as good re- 
sults as the .lgicide nozzles even though 
only one-half as many of the ordinary 
nozzles were used on a boom of the same 
length.—1-6-40. 


heen revised in 1940 to include additional area found 
infested in the past year 











Rate of Reproduction of the Pea Aphid 


on Different 


R. G. Daums and Recinavp H 
In the spring of 1934 during a severe 
infestation of the pea aphid, [llinoia pisi 
Kalt) on alfalfa in Kansas, Painter & 
Grandfield 1935) noted differences in 
degree of injury to plants growing in ex- 
perimental plots and fields on the Agron- 
omy farm at the Kansas Agricultural 
Experiment Station. Basis of selection of 
the plants used was either apparent re- 
sistance or apparent susceptibility to the 
pea aphid and the plants were either pot- 
ted or transplanted to a special nursery. 
This paper records some results on the 
rate of development of the pea aphid on 
these plants and some of their progeny. 
The purpose of these experiments was to 
determine if susceptibility or resistance of 
alfalfa plants to the pea aphid, as deter- 
mined by the reaction of plants under 
heavy infestation in the field, was asso- 
ciated with the rate of reproduction of the 
aphids when confined to these plants. 
Several references to plants and varie- 
ties resistant to aphids have been made in 
the literature. Delong & 1926 
found certain plants of the Houghton va- 
riety on which the gooseberry aphid could 
not maintain a population. Le Pelley 
1982) reported that the woolly apple 
aphis would not reproduce on the North- 
ern Spy variety. Winter (1929) found that 
the Herbert variety of raspberry was 
more resistant to the raspberry aphid 
than was any other variety tested. More 
recently Huber & Schwartze (1938) 
showed that resistance to the raspberry 
aphid differed between raspberry varie- 
ties. They found that aphids reared in the 
greenhouse failed to reproduce and main- 
tain a population on several varieties and 
that these same varieties were the most 


Jones 


resistant under field conditions. 
Searls (1932) reported that certain va- 
ricties of peas were more resistant to pea 


aphids than others. Blanchard & Dudley 


* Contribution No. 476 from the Department of Entomolog 
Kansas Agricultur ill xperiment Stat ! his work was done u 
onnection with project 164-——The Resistance of Crop Plants 
to Insect Attack; the Departments of Agronomy and Entomo 

r yoperatir Re ed for put tion Jan. 8, 1940 

I iu ire indebted to Mr. ©. O. Grandfield for per 
mission to test some of his plants, and to rious members of the 
Department of Agronot nd Ent gv for helpful sugges 


Painter, Aans 


Alfalfa Plants* 


is 


tyricultural Experiment Station, Manhattant 
(1934) isolated alfalfa plants on which 
they were unable to get pea aphids to live, 
Painter & Grandfield (1935) gave a report 
of the marked variation in the injury and 
number of aphids on different varieties of 
alfalfa as well as different plants of the 
same variety. 

MATERIALS AND Metuops. 
ture proof cellophane cages seven inches 
long and three inches in diameter per- 
forated with holes small enough to keep 
the smallest nymphs from escaping were 
used to confine aphids on branches of al- 
falfa (Fig. 1). Five last instar nymphs 
were placed in each cage and left for 10 
days at the end of which time the numbers 
of dead and living adults and nymphs 
were recorded. \W hie re three 
cages were used on. each plant. Some 


Non-mois- 


possible 


plants were tested in the greenhouse and 
kept at approximately 60 degrees and 
others at about 78 degrees. The tempera- 
tures for the experiments that were con- 
ducted outside averaged from 43° to 61°, 
All the aphids used in these experiments 
were the progeny of about LOO aphids col- 
lected from an alfalfa field near Manhat- 
tan, Kansas in the fall of 1954. The exper- 
iments were conducted from December, 
1934 to May, 1935; 354 different alfalfa 
plants were tested and 5,805 parental 
aphids were used. 

Krrect or TEMPERATURE AND Host on 
THE Rate or Repropection.— The pea 
aphid requires a rather cool temperature 
for maximum reproduction. Smith & 
Davis (1926) stated that there was a de- 
cided increase in the number of young pea 
aphids produced on alfalfa when the tem- 
perature decreased from 70 degrees to 65 
degrees. 

Records of rate of re pre miuction of aph- 
ids on several plants at different tempera- 
tures are shown in table 1. A plant desig- 
nated as No. 3 was a selection from a field 
of Kansas common alfalfa and proved to 
he a very desirable host for the aphids. 
When aphids were confined to this plant 
at three different times and at three dif- 
ferent temperatures, they reproduced 
faster at 61 degrees than at cither 57 de- 
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grees or 78 degrees. The mortality of the 
aphids was slightly higher at 61 degrees 
and much higher at 78 degrees than at 37 
degrees. A resistant selection from Turke 
stan F.C. No. 19316 proved to be very 
undesirable for aphid reproduction, and 
when aphids were confined to this plant 
at 78 degrees, 61 degrees and 57 degrees 
there than 
aphid per parent under each of the three 
temperatures. The percentage of aphids 
dead at the end of 10 days on this resist- 
ant plant averaged above 80 per cent at 
all three temperatures. 

Sixteen plants which appre ared to be re- 
sistant in the field were tested at an aver 


was an increase of less one 


oisture proof cellophane cages used for study of rate of 
reproduction of aphids on alfalfa plants 


age of about 61 degrees and also at about 
$4 degrees. The number of aphids per par- 
ent produced in 10 days at the two tem- 
peratures was approximately the same, 
however, 46.2 per cent of the aphids were 
dead when the temperature was 61 de- 
grees, While only 1.0 per cent were dead 
when the plants were tested at 44 degrees. 
Ten other plants that had appeared to be 
susceptible under field conditions were 
also tested at temperatures approximately 
61 degrees and 44 degrees. In this case an 
average of almost three times as many 
aphids per parent were produced at 61 de- 
grees than at 44 degrees, and the aphid 
mortality was only 2.2 per cent at 61 de- 


Table 1.—Effect of temperature and host plant on rate of reproduction of pea aphids, Manhattan 


Kansas, 1935. 





No vor Aputts No. or NyMpHs 

it ENb of at Ewnp o1 INCREAS! PreR- 

Descripti ! APPROX No. of 10 Days 10 Days PER APHIDS | CENTAGE 
PLANTS Temp PARENT DrEAD AND \PHIDS 
SELECTIONS AS NoTED | Aruips Dead \live Dead \live LIVING DerAD 
No. 3 Kansas Common 78 25 17 Ss 5S 290 13.9 20.1 
No. 3 Kansas Common 61 15 ] i + S08 22.9 1.4 
No. 3 Kansas Common 47 3 0 a) 0 tl 8.2 0 
No. 5 Turkestan 19316 7s 0 0 0 24 2 9 96.4 
No. 5 Turkestan 19316 G1 3 15 0 10 0 7 100.0 
No. 5 Turkestan 19816 07 10 9 l 0 l l 81.8 
16 resistant plant s il 160 1235 61 19S 662 7.4 $6.2 
16 resistant plants tt 170 7 163 10 1495 8.9 1.0 
iD susceptible plants ti] 5 17 264 +2 2568 27.3 2,2 
10 susceptible plants +4 0 2 SS 0 S90 9.9 l 
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Table 2.—Rate of reproduction of the pea aphid on resistant and susceptible alfalfa plants and their 


selfed progeny, Manhattan, Kansas, 1935." 





No. of No OF 
° PLANTS PLANTS ON 
AVERAG! oN Wuicu Wuicnu THe 
INCREAS! rue Ave. Ave. In- 
or Livi RANGE IN INCREAS! CREASE PER 
NUMBER APHIDS PER AVERAGE rer APHID APHID Was 
DescRIPTION OF or PARENT IN INCREAS! Was Mort More Tuan 
Piants Testep PLANTS 10 Days PER APHID Tuan 5 10 
Resistant field selections, 1934 12 1.8 0O- 6.4 l 0 
Selfed progeny of above plants 74 9 0O—- 2.4 0 0 
Susceptible field selections, 1934 3 16.7 15-18.1 $ $ 
Selfed progeny of above plants Es) >.0 0-18.5 5 2 





* All plants tested when the average temperature was between 
grees and 0.1 per cent at 44 degrees. 

The percentage of dead aphids in these 
tests usually increased with the rise in 
temperature in the case of both resistant 
and susceptible plants. This increased 
death rate, like the increased birth rate, 
is probably related to higher metabolic 
rate at higher temperatures and suggests 
a deficiency in available food for aphids 
in the resistant plants where the in- 
creased death rate is much higher than on 
the susceptible plants. Among the indi- 
vidual plants tested there was even a 
wider difference in the rate of reproduc- 
tion and in the death rate than that illus- 
trated by plants 3 and 5. The final result 
was that aphids on resistant plants ap- 
peared to have a lower optimum tempera- 
ture than did aphids on susceptible plants. 

In table 2 the rate of reproduction of 
aphids confined to plants that were se- 
lected in the field in 1984 is compared 
with the selfed progeny of these plants. 
The average increase of pea aphid in 10 
days on 12 plants that appeared to be re- 
sistant in the field was 1.8, while 74 selfed 
progeny of these 12 plants showed an in- 
crease of only 0.9 aphids per parent. The 
average increase per parental aphid on 
three susceptible plants was 16.7 while the 
average increase was only 5.0 on the 18 
selfed progeny from these three plants. 
The average temperature during the time 
these experiments were conducted was be- 
tween 57 degrees and 61 degrees. In both 
instances the increase on the progeny was 
less than on their parents. Since the prog- 
eny of these plants in all cases were only 
three or four months old, these data may 
indicate that the age of plant influences 
the rate of aphid reproduction. 

Forty plants that appeared to be re- 


7 and 61 degrees Fahrenheit 


sistant and 12 field plants that appeared 
to be susceptible were tested at various 
temperatures. All 120 susceptible plants 
proved to be favorable host plants for the 
aphids. The range in average increase of 
live aphids per parent in 10 days for these 
plants was from 5.4 to 33.2. Eight of the 
10 resistant selections appeared to furnish 
satisfactory food for aphid reproduction, 
This fact is not necessarily contrary to ex- 
pectations because when the resistant se- 
lections were made in the field, some were 
heavily infested with aphids but not 
greatly injured. Thus, it) would appear 
that some plants are resistant because the 
aphids cannot maintain a population on 
them, while other plants are resistant be- 
cause they can better withstand the feed- 
ing of aphids in the same numbers which 
cause severe injury to susceptible plants. 

In one series of experiments, aphids 
were caged on vegetative and flowering 
branches of the same plant at the same 
time. The result of this experiment. is 
shown in table 3. In every test the aver- 
age increase per parental aphid in 10 days 
Was greater the flowering 
than on the vegetative branches. Consid- 
ering the average for the six plants tested, 


on branches 


the increase per parent was 15.6 for the 
flowering branches and 2.1 for the vege- 
tative branches. On some plants this dif- 
ference was slight as with the Fy hybrid 
of 83-2519 K 38-2512, where the average in- 
crease per parent was 3.8 and 1.4 for the 
flowering and vegetative branches respec- 
tively. The greatest difference shown in 
this respect Was on plant 1-3521-4-8 where 
the increase was 26.4 per parent on the 
flowering branch as compared to only 1.0 
on the vegetative branch. The difference 
in the rate of development of the aphids 
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Table 3.—Difference in Increase of Aphids on flowering branches and vegetative branches of the 


same plant, Manhattan, Kansas, 1935. 





No. or Apt . No. or NYMPHS 
at ENpd oF 10 at ENp oF 10 
Days Days 
PLANT Ni ' 

Ni PARENTAI Dead Alive Dead Alive 
5-O317 (S16 0 +4 
50317 (316 0 0 0 
1-2521-2¢ a i 
j-2821-2¢ } ) 0 1 
|-2S21-21 Tt) % 
1-2821-21 0 11 ; 
1-3821-4-8 ) 14 ) 
1-3521-4-5 ) ; ' 
}-3S821-4-1¢ “ ) } 0 5 
1 1-4 ) rT Th 

19 

x F2 19 
2519 

7 } t s 

jm 
Tot ] 

kl} , t 
Pota 

Vi 0 5 ; 


DIFFERENCE IN AVE. 
Inc. Per Apuip in 10 


Ave. Ine Days ON FLOWERING 
Pex Apuip Tyee oF AND ON VEGETATIVE 
IN 10 Days Temp BRANCH BRANCHES 
8.8 78 Flowering 
0 78 Vegetative 8.8 
~ 7s Flowering 
2 78 Vegetative 3.6 
1.8 78 Flowering 
6 78 Vegetative 1.2 
6.4 78 Flowering 
1.0 78 Vegetative 25.4 
i o5 7s Flowering 
2 78 Vegetative 23.3 
s s Flowering 
1.4 sS Vegetative 2.4 
15.¢ 8 Flowering 
1 7s Vegetative 13.54 





on the two types of branches is probably 
due to the difference in the chemical com- 
position of the food available to the in 
sect. 

Summary.— The optimum temperature 
for pea aphid reproduction and life was 
several degrees higher on alfalfa plants 
that appeared to be susceptible under 
field conditions than on plants that ap- 
peared to be resistant. 

The pea aphid reproduced more rapidly 
and the mortality was less on alfalfa plants 
that appeared to be susceptible under field 
conditions than on those that appeared to 
be resistant. 

Aphids reproduced more rapidly on 


selfed progeny of susceptibl selections 


than on the selfed progeny of resistant se- 
lections, but the progenies varied con- 
siderably in this respect. 

Some alfalfa plants which appeared to 
be resistant in the field furnished satisfae- 
tory food for aphid reproduction. These 
plants may be resistant because of their 
ability to withstand the feeding of aphids. 

When aphids were confined to flowering 
and vegetative branches of the same 
plant, they reproduced much faster on the 
flowering branches. 

Although in this summary of the exper- 
iments, plants have been classed as resist- 
ant or susceptible, there was considerable 
range in mortality and rate of reproduc- 
tion within the two groups.—1-9-40. 
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Methyl Bromide Fumigation for Control of Asiatic 
Beetle Grubs Attacking Azalea Plants 


Crype C. Haminvron, New Jersey 

The control of insects attacking the un- 
derground portions of plants has been 
difficult of solution, particularly when the 
infestation occurs during the growing of 
the crop. Treatments with chemicals have 
not proven very practical because of the 
danger of injuring the plants, the diffi- 
culty of applying the treatment and the 
cost. The recent development of methyl 
bromide for the fumigation of balled nurs- 
ery plants and the use of dichlorethyl 
ether for the control of certain soil insects 
seemed to provide two chemicals which 
could he used with a considerable degree 
of safety in killing insects in soil contain- 
ing growing plants. This paper gives the 
results of some tests in killing the Asiatic 
beetle orientalis Water 


grub, .tnomala 


house, attacking the roots and stems of 


azalea plants by use of methyl bromide. 
NATURE OF THE INJURY TO AZALEAS. 
The Asiatic beetle is abundant in certain 
localities in northern New Jersey and 
causes considerable damage to azaleas, 
rhododendrons and other plants grown in 


nurseries. The injury to azaleas consists of 


the grubs eating the roots, often complete- 
ly destroying them, and in eating the bark 
on the stem immediately above the roots 
and extending as high as the plant ts set in 
the soil. This injury is sometimes quite se- 


vere in raised or ground benches in the 


greenhouse and in beds outdoors. The 
large amount of humus and moisture nee- 
essary for growing the azaleas makes 
ideal conditions for grub infestation. In 
the ground benches or in beds outdoors 
the grubs may be found as deep as ten 
inches, while in the raised benches they 
are often found at the bottom of the soil. 
The injury to one and two year old plants 
is much more severe than to older plants. 
The lack of an effective and safe chemical 
soil treatment has caused a considerable 
increase in hand labor in that it is often 
necessary to lift the growing azalea plants 
and remove the grubs from the soil ball 
and from the soil by hand methods. Pre- 
venting injury by the Asiatic beetle grubs 
may be accomplished by treating the soil 
before the plants are set in it and by 
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treating the soil containing the plants, 

Metuops or Usinc tue Metiuy. Bro- 
MipE.—Methyl bromide was applied to 
soil containing the growing azalea plants 
in three ways. The first method consisted 
of fumigation under a galvanized tin box 
t feet by 6 feet and 2 feet high. The box 
was placed over the area to be treated 
with the lower edge pressed firmly into 
the soil and the soil pressed down along 
the outside edge of the box. The required 
amount of methyl bromide was injected 
on cotton under a hole in the center of the 
top of the box. The hole was then plugged 
with a rubber stopper. 

The second method of treatment con- 
sisted of mixing one part of methyl bro- 
mide with 5 parts of either methyl aleo- 
hol or ethyl aleohol. Methyl aleohol was 
usually used since there appeared to be no 
difference between the two for the purpose 
and it was more easily obtained. If the 
temperature of the aleohol is above 70 de- 
grees F. the methyl bromide is likely to 
hoil out in the proportions of 1 part 
methyl bromide to 5 parts of aleohol. 
This mixture was injected into the soil at 
a rate sufficient to give one-half, 1 or 2 ce. 
of actual methyl bromide per square foot. 
The injections were usually made at about 
12 inch intervals although some injections 
were made at 6 inch intervals. The injee- 
tions were made with a Larrajector manu- 
factured by Innis Speiden and Company, 
Inc. for use with their Larracide and de- 
livered at the rate of from 1 to 5 ce. of 
liquid for each injection. The methyl bro- 
mide and aleohol solution was usually 
injected into the soil at a depth of 3 to 
3 inches. 

The third method consisted of mixing 
1 part of the methyl bromide in 5 parts of 
aleohol, as deseribed It the preceding pur- 
agraph, diluting this mixture in water and 
sprinkling over the soil. Usually about 300 
cc. of the mixture were added to 8 gal- 
lons of water and, if 1 cubie centimeter 
of methyl bromide per square foot was 
desired the 3 gallons of the licguicl were 
sprinkled over an area of 50 square feet. 
There was some tendency for the mixture 
of methyl bromide and aleohol to hol 
when poured into water and if the tem- 
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perature of the water was above 70 de- 
grees I. there appeared to he considerable 
loss of the methyl bromide. 

Tests with THE FumMicatinc Box. 
Azalea plants, variety Petrick, in a 
ground bench in a greenhouse were fumi- 
gated April 10, 1939, under the fumiga- 
tion box previously deseribed. The soil 
temperature was 64 degrees F. A dose of 
28 ec. of methyl bromide (1) ce. per 
square foot) was used for 2) hours. When 
examined 6 days after fumigation all the 
Asiatic beetle grubs were dead or nearly 
dead. Grubs were killed to a depth of 10 
inches. No injury occurred to the roots, 
stems or foliage. 

In a second test made May 5 on azalea 
plants growing in outdoor frames 30 cc. of 
methyl bromide were used in the fumigat- 
ing box (1) ec. methyl bromide per square 
foot). The soil temperature was 5S de- 
grees at 2 inches and 54 degrees at 5 
inches. Time of fumigation was 2} hours 
and the variety of azaleas was Macracan- 
tha. An examination 6 days after fumi- 
gation showed 61 dead or nearly dead 
grubs and 10 grubs able to crawl, some of 
which may have been affected. The low 
soil temperature was probably responsible 
for the incomplete kill of the grubs. The 
plants were not injured by the fumiga- 
tion, 

Further tests were made September I 
on azaleas in a raised bench in a green- 
house. The variety was Charles Encke. 
The soil temperature was 6S to 70 degrees 
at the time of treatment and the dose of 
methyl bromide was | ce. per square foot 
with an exposure of 2 hours. All the grubs 
were killed and no injury was done the 
plants. 

Another test was made September S$ in 
soil on raised benches where the tempera- 
ture varied from 75 to SI degrees. The 
dose of methyl bromide was 1 ce. per 
square foot and = the exposure period g 
hours. The plants were 10 to 12 inches tall 
and the varieties were J. L. Bobbink, 
Rose Queen and Purity. When the soil 
Was examined 3 days after treatment 
no live grubs were found. Slight leaf burn 
occurred on the variety J. L. Bobbink. No 
injury occurred to the varieties Rose 
Queen and Purity 

INsecTiInG Metuyt Bromipe anp AL 
COHOL INTO THE Souw.—The first soil in- 


jection tests were made August 7 on 10 to 
variety Petrick) 


12 inch azaleas growing 
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in raised benches and in ground benches 
The raised benches were constructed of 
cement slabs about 1} inches thick, the 
joints of which fit very tightly. This tight 
construction of the raised benches evi- 
dently prevented the gas from penetrating 
downward and apparently was responsi- 
ble for some of the injury caused to the 
plants as is discussed later. The soil in the 
ground benches was 10 to 11 inches deep. 
The soil temperature was not taken at the 
time of the injection. However, it was 
probably 80 degrees or slight ly higher. 

The methyl bromide-aleohol solution 
was injected at the rate of 3 cc. every 
6 inches giving approximately 2 cc. of 
methyl bromide per square foot. Two 
treatments were made in the raised 
benches and one in the ground bench at 
the above dilution. One treatment was 
made in the ground bench in which 5 
cc. of the methyl bromide-alcohol solution 
Was injected every 6 inches giving ap- 
proximately 33 cc. of methyl bromide per 
square foot. 

All Asiatic beetle grubs in all plots were 
killed within 4 days after treatment. In- 
jury to some of the plants appeared on 
August 15, 8 days after treatment. 
This was the typical browning of the 
roots and of the bark on the stems above 
the roots as high as the ground level. The 
injury was most severe in the raised 
benches where from 15 to 30 per cent of 
the plants were killed. The injury to the 
plants in the ground benches was not so 
severe but about 15 per cent of the plants 
were killed. It is presumed that the tight 
construction of the cement sides and bot- 
tom in the raised benches prevented the 
gas from escaping downward and resulted 
in the increased injury as compared with 
the ground benches. 

In two other tests in which the methyl 
bromide and aleohol solution was injected 
into the soil at the rate of 5 ce. every 10 
inches complete kill of the grubs was ob- 
tained but the plants were killed to the ex- 
text of 25 to 30 per cent. The soil tempera- 
tures in both treatments were from 80 to 
82 degrees. 

Treatments made September 1 in raised 
benches with a soil temperature of 68 to 
70 degrees resulted in little or no injury to 
plants and gave complete kill of the grubs. 
Two plots were treated by injecting 23 ce. 
of the methyl bromide-aleohol solution 
every 6 inches and there were two plots 
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in which 6 ce. were injected every 12 
inches. No injury occurred to the plants 
where the injections were made 6 inches 
apart and only 5 per cent of the plants 
were killed in one of the two plots where 6 
cc. of the solution was injected 12 inches 
apart. The dead plants were close to the 
points where injections were made. 

It is apparent that most of the azalea 
plants killed in the tests where the methyl 
bromide and alcohol solution was injected 
into the soil were those close to the point 
of injection. Where the injections were 
made at 6 inch intervals the injury was 
not so severe as where larger quantities 
were injected at 12 inch intervals. Also 
the injury was not as great with a soil 
temperature of 70 degrees as at 80 degrees 
or above. 

Metuyt Bromipe-ALCOHOL SOLUTION 
IN Water.—On August 17, 200 ce. of the 
methyl bromide and methyl aleohol solu- 
tion were diluted in 38 gallons of water 
and applied to 30 square feet and 15 
square feet respectively of beds containing 
growing azalea plants infested with Asi 
atic beetle grubs. This gave a dose of 
approximately 1 ce. and 2 ce. 
tively, of methyl bromide per square foot. 
The soil temperature at the time was 80 to 
&2 degrees. The treatments were in raised 
benches with cement bottom 
and in a ground bench. The azaleas were 
10 to 12 inches tall. All the grubs were 
killed. Injury began to appear on the 


respec- 


sides and 


azalea plants on August 15, eight days 
after treatment. In the raised benches, 


with the cement construction, 65 per cent 
of the plants were killed where 1 ce. of 
methyl bromide was applied per square 
foot and 50 per cent were killed where 2 
cc. of methyl bromide were used per 
square foot. In the floor benches, where 
the soil was deeper, 1.4 per cent of the 
plants were killed with the 1 ce. 
methyl bromide and 5 per cent with the 
2 cc. dose. 

A test was made August 21 on azalea 
plants in a raised bench of wood construc- 
tion. The soil temperature was $8 to 89 
degrees. A dose of methyl bromide equal 
to one-quarter cc. per square foot gave 6.2 
per cent dead grubs, one-half and three- 
quarters cc. per square foot both killed 
25 per cent of the grubs, and 1 ce. per 
square foot killed 91 per cent of the grubs. 
No injury occurred to the plants in any of 
the treatments. 


dose of 
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Additional tests were made in Septem- 
ber with the methyl bromide-aleohol solu- 
tion in water sprinkled over the area to be 
treated. Soil temperatures were 70 and 75 
degrees. In one of the tests the soil con- 
tained considerable humus and was rather 
wet. The dose was equivalent to 1 ee. 
of methyl bromide per square foot. The 
following varieties were used in the tests: 
Charles Encke, Petrick Superba, Rose 
Queen, Purity, Fire Light, Madam Pet- 
rick, Coral Bell and Salmon Beauty. 

Excellent grub control was obtained in 
most cases. No injury occurred to any of 
the treated plants except in the variety 
Coral Bell. This variety is quite suscepti- 
ble to injury from methyl bromide fumi- 
gation. In this particular test one plant 
out of 12 treated showed some browning 
of the stem. 

FUMIGATION OF FALLOW Sot.—Three 
large greenhouses were used at one of the 
nurseries for growing azaleas during the 
fall, winter and spring months. In late 
May or early June the plants were trans- 
ferred to the fields and the soil allowed to 
lie fallow, without watering, during June, 
July and August. The beds were all on the 
ground and the tillabl soil was about 12 
inches deep. This soil became quite dry 
and hot during the summer. There was a 
heavy infestation of Asiatic beetle grubs 
which did not seem to be seriously affeet- 
ed by the drying out and heating of the 
soil during the summer months or by the 
lack of any plants upon which they could 
feed growing in the soil. 

On September 1, two plots, 12 by 1s 
feet, were treated with each of the follow- 
ing materials. (1) Methyl bromide, 2 ce. 
and 1 ec. per square foot, injected into the 
soil in the form of the methyl bromide- 
methyl aleohol solution. The injections 
were about 10 inches apart and 4 to 5 
inches deep. (2) Chloropierin, 3 ce. and 2 
ce. per square foot, injected about. 5 
inches deep and 11 to 12 inches apart. 
$) Carbon bisulfide, 1} and three quarters 
ounce per square foot. This was applied 
in shallow furrows about 3 inches deep 
and 12 inches apart. The soil was raked 
over the carbon bisulfide immediately 
after it was applied in the furrows. 

Before making the treatments the soil 
had been cultivated twice with a roto- 
tiller while dry. After cultivation it was 
watered thoroughly and the treatments 
were not made until two days after water- 
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ing. The soil was loose, moist but not wet 
except in several small spots. 

The treatment was made September 1. 
Twenty-five square feet in each treated 
plot were examined September 6 for live 
grubs. No attempt was made to deter- 
mine the number of dead grubs since 
these had turned black and were decay- 
ing. Nine live grubs were found in an area 
of about 4 square feet in the methyl bro- 
mide plot treated with 2 ce. per square 
foot. No live grubs found in the remain- 
ing 21 square feet of this plot or in the plot 
treated with 1 ce. of methyl bromide per 
square foot. No odor from the methyl bro- 
mide remained. Thirty live grubs were 
found in the chloropicrin plot treated with 
3 ec. per square foot and 7 live grubs in 
the plot treated with 2 ce. per square foot. 
These grubs were all within 2 to 3 inches 
of the surface where there was no chloro- 
picrin odor. The odor was strong below 
about the 4 inch depth. Apparently the 
chloropicrin had been injected too deeply 
in the soil and the fumes had not had time 
to come to the surface. No live grubs were 
found in either of the plots treated with 
carbon bisulfide and the odor was very 
strong. Thirty-five live grubs were found 
in the check plot at depths ranging from 
2 to 6 inches. 

It would appear from 
made at the time of examining the plots 
that the methyl bromide and chloropicrin 
would have given as complete kill had 
they been injected nearer the surface. It 
was also apparent that the soil treated 
with chloropicrin and carbon  bisulfide 
could not be planted to azaleas for two to 
three weeks after treatment. Azalea plants 
of three varieties were set out in the two 
plots treated with methyl bromide to de- 
termine whether aeration of the soil was 
necessary. These plants were examined 
from time to time for about three weeks. 
No injury occurred to the plants and the 
roots showed continued growth. 

The remainder of the soil benches in the 


observations 


three houses, an area about 150 feet wide 
by 300 feet long, was treated with the 


methyl bromide-methyl alcohol solution 


on September 8, 11, 12, and 138. Five ee. of 


the solution were injected every 10 to 11 


inches about 4 inches deep. On September 


15, 24 diggings, 4 feet square were made. 
Many dead grubs were found but no live 
ones. The first plants were brought into the 
house on September 18 and set into the 
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soil. No injury occurred to the plants from 
setting them into the treated soil, neither 
has any grub injury occurred. 

SUMMARY AND Conc.Lusions.—Three 
methods of applying the methyl bromide 
were developed. These are: (1) fumigation 
under a box which confines the charge of 
methyl bromide to a definite area; (2) the 
dilution of methyl bromide, 1 part in 5 
parts of either methyl aleohol or ethyl 
aleohol, and injecting this mixture into 
the soil at rates equivalent to 1 and 2 
cc. of methyl bromide per square foot; 
and (3) the use of methyl bromide, 1 part 
in 5 parts of either methyl alcohol or 
ethyl aleohol and diluting this mixture in 
water and sprinkling it over the soil to be 
treated for the grubs. 

Fumigation of soil and azalea plants in 
raised benches and in floor benches by 
confining the methyl bromide under a 
fumigating box, at the rate of 1 cc. per 
square foot of area treated, caused no in- 
jury to the plants in the spring tests and 
only slight leaf burn to the variety L. J. 
Bobbink in the fall tests. The soil temper- 
atures varied from 54 degrees in some of 
the spring tests to as high as 81 degrees in 
some of the fall tests. A complete kill of 
the Asiatic beetle grubs was obtained in 
all tests except those conducted in the 
spring when the soil temperature was 54 
degrees at 8 inches and 58 degrees at 4 
inches. This method of fumigating the soil 
infested with grubs and containing grow- 
ing azalea plants would seem to be safe 
and effective but is rather difficult of prac- 
tical application. 

Fumigation of soil infested with Asiatic 
beetle grubs and containing growing aza- 
lea plants by injecting into the soil a 
mixture consisting of 1 part of methyl 
bromide and 5 parts of either methyl al- 
cohol or ethyl alcohol, at a rate adjusted 
to give Lee. and 2 ce. of methyl bromide 
per square foot, killed most of the grubs 
but under most conditions caused some 
injury to the plants. Injury was quite 
likely to occur at soil temperatures ap- 
proaching 80 degrees or above. The in- 
jured plants were usually those closest to 
the points where the mixtures were in- 
jected into the soil. When the injections 
were made at 6 inch intervals, rather 
than 10 to 12 inch, giving one-half cc. of 
methyl bromide per injection, no injury, 
or only slight injury, occurred. It is be- 
lieved that this method of applying the 
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methyl bromide to soil containing grow- 
ing plants will always be accompanied by 
some plant damage because of the initial 
heavy concentration of the gas at the 
point of injection. 

Fumigation of soil infested with Asiatic 
heetle grubs, and containing growing 
azalea plants, by diluting the mixture of 
methyl bromide and alcohol in water and 
sprinkling this mixture over the area to be 
treated, under most conditions, produced 
a satisfactory kill of the grubs without 
causing injury to the plants. Applications 
of methyl bromide in this manner, equal 
to one-quarter cc. per square foot, result- 
ed in very little kill. One-half and three- 
quarters cc. per square foot gave less than 
50 per cent kill while 1 ee. per square foot 
usually gave almost complete or complete 
kill of the grubs. There were some indica- 
tions that where the soil contained con- 
siderable humus and was wet at the time 
of sprinkling the mixture over the surface, 
there was some danger of injuring the root 
and stems of the plants. It is believed that 
with proper attention to the physical con- 
dition and temperature of the soil that 
\siatic beetle grubs can be controlled in 
soil containing growing azalea plants by 
applying a mixture of methyl bromide and 
alcohol diluted in water. 

Most of the injury caused to the treated 
azalea plants was in the raised benches 
from the cement These 
were much tighter than those 


made slabs. 


benches 
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made from wood and apparently did not 
permit the methyl bromide gas to escape 
very readily through the bottom of the 
benches. In the case of the floor benches, 
where the soil was from 10 to 12 inches 
deep, the downward penetration of the 
gas was not impeded, the gas was not re- 
tained in concentrated amounts around 
the roots and stems, and the plants were 
not injured. Grubs were killed on the floor 
bench at a depth of 10 to LL inches or as 
deep as they were found. 

Tests conducted to kill the Asiatic bee- 
tle grubs in fallow soil in the azalea yreen- 
houses showed that satisfactory kill could 
be obtained with chloropicrin applied 2 
cc. per foot if injected 3 to 4 
inches from the surface: with carbon bi- 
sulfide at the rate of three-quarter ounce 
per square foot applied in shallow furrows 
about 10 inches apart and with a mixture 
of methyl bromide and methyl alcohol 
injected into the soil equal to 1 ce. of 
methyl bromide per square foot. All three 


square 


materials are probably equally effective 
in killing the Asiatic beetle grubs. How- 
ever, the soil cannot be planted until after 
all the carbon bisulftide or chloropierin has 
escaped from the soil which may be 10 
days to two weeks for the carbon bisulfide 
and two to three weeks for the chloropie- 
rin. Soil treated with the methyv! bromide 
may be planted, without injury to the 
plants, within two to three days after 
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Field Control of the Gladiolus Thrips 
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The first known publication on the use 
of tartar emetic (potassium antimony tar- 
trate U.S.P.) against the gladiolus thrips 
was that by Richardson (1934). Ile stated 
that a 1- to 400-dilution with 3 per cent of 
to adult thrips in 
1938) found that 


molasses was very toxic 
laboratory tests. Nelson 
combinations of tartar emetic (U.S.P.) 
and brown sugar were noninjurious to 
gladiolus foliage; that they resulted in 
thrips control equal to that obtained with 
paris green and brown sugar, and did not 
have the deleterious effect on new corm 
production that paris green appeared to 
have. Furthermore, the tartar emetic 
spray could be prepared at less cost than 
the paris green mixture because of the re- 
duction in quantity of brown sugar used. 
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The spray solution recommended by Nel- 
son contained 4+ pounds of tartar emetic 
and 16 pounds of brown sugar per 100 gal- 
lons of water and was the weakest dilution 
that he tested. 

Sprays Testep in 1938. During 1938 
four tartar emetic-brown sugar spray mix- 
tures were tested to determine the Possl- 
bility of reducing the quantity of either 
ingredient. These were compared with the 
standard spray of 2 pounds of paris green 
and 64 pounds of brown sugar per 100 gal- 
lons of water and with an untreated check 
Each treatment was replicated six times 
on each of six varieties of gladiolus. A plot 
consisted of 50 plants. The experimental 
procedure was essentially the same as that 
followed by Nelson and is not discussed 
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Table 1.—Yie!d of grade 1 flowers and control 
obtained from different spray treatments. 





Grapk | FLrowers Con 

Spray MArertat, rROL, 

PouNbDs PER 100 Num Per 

Gas. oF WATER her Per Cent CENT 
Tartar emeti US? 

$, brown sugar 16 229 95.8 93.9 
Tartar emetic Tech. 4, 

brown sugar 16 201 95.5 93.9 
Calcium antimony tar 

trate 4.4, brown su 

gar 16 200 94.9 92.6 
Tartar emetic USP 

$, brown sugar S 207 92.0) S84 
Tartar emetic Tech. 4, 

brown sugar S 20 958 O53 9 
Tartar emetic U.S.P 

2. brown sugar 8S 216 HQ 3 RX Oo 
Tartar emetic Tech. 2, 

brown sugar S 238 Of] O15 
Tartar emetic USP 

2, brown sugar 4 4 4 94.5 92.1 
Tartar emetic Tech. 2, 

brown sugar + P24} 930 49.9 
| nsprayed check OS 98 
Minimum significant 

difference for odds 

of 19 tol th 





further here. The data were interpreted 
by the method of analysis of variance. 
Briefly, the following con. lusions were in- 
dieated: in confirmation of Nelson's re- 
sults it was found that the tartar emetic 
sprays were equal to the paris green mix- 
ture in effectiveness against thrips and in 
addition did not burn the gladiolus foliage 
or adversely affect new corm production. 
The results showed that 2 pounds of tar- 
tar emetic (ULS.P.) and 16 pounds of 
brown sugar, or 4 and $8 pounds, respec- 
tively, gave as good thrips control as the 
previously recommended dosage of 4 and 
16 pounds per 100 gallons of water. 

Sprays Testep in 19389.— During 1939 
further reductions in the quantities of 
both tartar emetic and brown sugar were 
tested. Eight sprays containing various 
quantities of tartar emetic and brown su 
gar were used. Two grades of tartar emet- 
ic, ULS.P. and technical, were compared 
in similar formulas to determine whether 
they would be equally satisfactory. In ad 
dition, one spray in which the tartar emet- 
lec was replaced by a calcium antimony 
tartrate Was included to compare its effi- 
ciency with the former as a thrips control 
spray. An unsprayed check was included 
for comparison. 
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The experimental procedure was sim- 
ilar to that described by Nelson (1938) 
and need not be repeated in detail. The 
two varieties of gladiolus used in these 
tests were planted May 29. in alternate 
blocks of 10 plots per block with 50 corms 
per plot. This arrangement permitted 
three randomized replications of each 
treatment on each variety. Beginning 
June 30, a weekly spray schedule was fol- 
lowed as closely as possible until flowering 
began on August 15. The flower spikes 
were classified as grade 1 (uninjured) and 
grade 2 (thrips-injured) blooms. Richard- 
son and Nelson (1933) demonstrated a di- 
rect correlation between the number of 
thrips present and the degree of injury to 
the flowers and concluded that the num- 
ber of grade 1 flowers offers a good index 
of the effectiveness of a spray. 

None of the spray combinations caused 
any burning or other injurious effects at 
any time during the tests. 

The data on the number and per cent of 
grade 1 flowers and per cent control are 
presented in table 1. The per cent control 
was calculated from Abbott’s formula 

1925): (21—y)100/r, where x is the per 
cent of grade 2 flower spikes from the 
checks and y is the per cent of grade 2 
spikes from the treated plots. 

It can be readily observed that all the 
sprays gave good thrips control, as meas- 
ured by the per cent of grade 1 spikes, 
with no. significan tdifference between 
sprays. The two grades of tartar emetic 
were equally satisfactory. Calcium anti- 
mony tartrate was used at the rate of 4.4 
pounds because it contains 10 per cent 
less antimony than does tartar emetic. 
Calcium antimony tartrate is slowly solu- 
ble in water and must be finely powdered 
so that it will go into solution readily or 
hot water must be used. Tartar emetic is 
more readily soluble but it also should be 
finely divided to accelerate solution. 

The cost per 100 gallons of the spray 
containing 2 pounds of tartar emetic, 
technical grade, and 4 pounds of brown 
sugar (table 1) is $0.95 as compared with 
$2.68 for the spray containing 4 pounds of 
tartar emetic, U.S.P. grade, and 16 pounds 
of brown sugar, the formula recommended 
by Nelson. The cost of the other formulas 
given may be readily calculated from the 
prices given.* 
technical S5}¢ 


* Tartar emetic U.S.P. cost 43¢ per Ib., 


calcium antimony tartrates 28¢ and brown sugar 6¢ 
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Orner Sprays Testep in 1938.—Other 
workers have experimented with a large 
number of spray combinations against the 
gladiolus thrips, but those discussed below 
had not previously been tested. Table 2 pre- 
sents the data obtained from a compari- 
son of three derris sprays with the stand- 
ard paris green-brown sugar combinations 
and with an untreated check. The flowers 
were graded and the per cent control cal- 
culated as explained previously. 


Table 2.—Yield of grade 1 flowers and control 
obtained from various derris sprays as compared 
with paris green plus brown sugar. 





CsRADI l 
FLOWERS Con 
rROL, 
MIATERIALS IN 100 Gaus Num- Per Per 


OF SPRAY ber Cent CENT 
Paris green, 2 lb.. brown su 
gar, 64 1b 61 S830 80.9 


Derris powder* 4 Ib., 6 07.; 


peanut oil 1 gal.; sodium 

oleyl sulfate 1 pt oF 3.6 000 
Derris powder 3 Ib. 4) oz 

peanut oil | gal.; sodium 


oley| sulfate 1 pt 85. O47 0 wo8 
Derris powder 3 lb., th oz sO 
dium lauryl sulfate 6 oz 





varnish | pt 76° SSLS S11 
Untreated check 23 11.2 
Minimum significant differ 

ence for odds of 19 to 1 7 

* The derris powder i ill spr t s 


rotenone 


An examination of the data shows that 
the three derris sprays did not differ in ef- 
fectiveness and were not satisfactory for 
thrips control. They were all inferior to 
the paris green-brown sugar mixture, as 
measured by the number of grade 1 spikes 
produced, but were better than no treat- 
ment. In addition, the two sprays contain- 
ing peanut oil retarded the growth and 
flowering of the plants and adversely af- 
fected corm production. 

Table 3 shows the results obtained from 
other sprays tested on a small scale. 

It is apparent that none of the spray 
combinations was satisfactory from the 
standpoint of thrips control. In addition, 
the sprays containing powdered karaya 
gum left appreciably greater deposits of 
material in droplets on the gladiolus foli- 
age than did the brown sugar combina- 


tions. 
In spite of these heavy deposits the per- 
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Table 3.—Yield of grade 1 flowers and contro] 
obtained from different spray combinations. 





GRAD! l 
FLOWERS Con- 
TROL, 
Seray Maren, Per 100) Num- Per Per 
Gaus. or Water ber Cent Cry 


Variety Virginia 
lartar emetic 4 lb.; powdered 
karaya 25 oz ae 1 10.8 
fartar emetic 4 Ib.; sodium 
oleyl sulfate plus svnthetr 
resins | pt He OTS 15 
Nicotine sulfate (40°,) 1 qt 


powdered kaurava 25 oz 22 IS.5 7.9 
Untreated check s 11.5 
Variety Los Angeles 
Tartar emetic 4 lb.: powdered 
karaya 25 07 70 re | 53.6 
Untreated check 4 7 
Variety Brilliant 
Partar emetic 4 Ibo: sodium 
oleyl sulfate plus synthetic 
resins | pt 4) 20.0 14.7 
Untreated check AL i>. 
Variety Alice Tiplady 
Nicotine sulfate (40°, I «gt 
powdered karava 25 oz og 25.6 15.1 
Untreated check 19 12.4 





centages of grade 1 flowers were lower 
than in the plots treated with the same 
quantity of tartar emetic and with the 
spreader sticker sodium oleyl sulfate plus 
synthetic resins, which wet the foliage and 
left a uniform film. Both these were less 
effective than the tartar emetic-brown 
sugar sprays that are applied as droplets. 
ConcLusions.— The results indicate 
that the quantities of tartar emetic and 
brown sugar previously recommended 
may be reduced considerably without re- 
ducing the efficiency of the spray. Both 
ULS.P. and technical grades of tartar emet- 
i were satisfactory, with a price differ- 
ential in favor of the latter. A calcium an- 
timony tartrate spray gave results com- 
parable with those for a tartar emetic 
spray of equal antimony content and was 
appreciably cheaper. Tartar emetic in 
combination with powdered karaya or 
sodium oleyl sulfate plus synthetic resins 
was unsatisfactory. Nicotine sulfate plus 
karaya was also unsatisfactory. Derris 
powder in combination with peanut oil 
and either sodium oleyl sulfate or varnish 
in combination with sodium lauryl! sulfate 
gave poor control. The spray containing 
peanut oil retarded the growth and flow- 
ering of the gladiolus plant. — 1-6-40. 
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Recent Changes in Agriculture and Their Effect 
on Insect Problems 


P.N. Axsasxp, Bureau of Entomol 


IntropuUcTION.— There 
other period in the history of American 
agriculture when broad changes in theory 
and practice have been so extensive and 
rapid as in the past few years. This period 
has seen the first attempt at the formula- 
tion of a broad, coordinated agricultural 


has been ho 


program planned to include the various 
phases of agriculture considered from the 
standpoint of the reactions of the com- 
ponent the whole. Extensive 
changes in agricultural practice are being 
made because of a greater appreciation 
of the importance of preventing soil ero- 
sion and maintaining soil fertility, of the 
necessity for wild life conser ation, of the 
need for reasonable adjustment of agri- 


parts on 


cultural supply to demand and of the 
value of proper land use. Insect control is 
one of the important factors which must 
be considered in such a broad program. 
Irrespective of personal opinions as to 
the wisdom of the broad policies of agri- 
cultural readjustment their 
present and probable future results, the 


and as to 


responsibility devolves upon all entomo- 
logical workers to consider the effeets of 
these changes on entomological practice. 

Possibly cntomologists have partici- 
pated too little in the formulation of 
specific procedures aimed at achieving 
the broad objectives of the agricultural 
program. Many which run 
counter to best practices for insect con- 
trol have urged to these 
objectives. In some instances modifiea- 
tions should be made in deference to the 
importance of the entomological aspects 
of the problem, while in others entomo- 
modified to 


Which action 


practices 


been achieve 


logical practice should be 


meet the new conditions. 


should be taken will depend entirely upon 


yy and Plant Qluarantine, T 


S. Department of Agriculture 


the specific situation as revealed by a 
careful analysis of the objectives and of 
the entomological and other effects. In 
any event these procedures call for intel- 
ligent consideration to determine whether 
minor modifications may be made to 
provide for insect control without defeat- 
ing important objectives, whether control 
recommendations may be modified with- 
out serious loss, and whether entomologi- 
recommendations which may be in 
conflict are actually based on sound, 
tested research information or have 
merely grown up over a period of years 
because they were thought to be good 
practice. In many instances, reconcilia- 
tion between the general agricultural pro- 
gram and the needs for entomological 
control will call for research to adapt 
entomological procedure to the changed 
conditions. Possibly many recommenda- 
tions for insect control have been based 
in the past to too large an extent on con- 
siderations involving only insect control 
and have not taken adequately into con- 
sideration other values and interests. 
Attention should be directed to the 
possibility that the attainment of certain 
objectives of the program or that methods 
which may be utilized to achieve them 
may be of distinct benefit in reducing the 
population of harmful insects. The ad- 
vantages which may be derived should be 
evaluated as well as the disadvantages. 
There are also many changes which are 
occurring which have no particular rela- 
tionship to a general national agricultural 
policy but which are of considerable im- 
portance in affecting entomological prac- 
tice and outlook. In his presidential 
address to the American Association of 
Economic Entomologists at Richmond in 


cal 
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1938, J. J. Davis, reviewed in considerable 
detail a number of affecting 
entomology, which have taken place in 
recent years, in much greater detail and 
more thoroughly than will be possible or 
desirable in this presentation. Rather 
than attempting to make an exhaustive 
review of changes in agriculture affecting 
insect problems, the remarks in this 
paper will be confined primarily to some 
of the changes which are a result of the 
national agricultural program. 

Sort Conservation.— The desirability 
of a sound program for soil conservation, 
including both the conservation of fertil 


changes 


ity and prevention of soil erosion, is not 
open to question. Preservation of the soil 
and its fertility is the foundation of all 
sustained agriculture and must be given 
primary consideration in any forward 
looking agricultural program. Many prac- 
tices leading toward conservation 
have been recommended, 
adopted through the operations of the 
Agricultural Adjustment Administration, 
the Soil Conservation Service, and other 


Some of these 


soil 


federal and state agencies. 
prac tices have no entomological implica 
tions; others may profoundly affect insect 
abundance and damage. It 
does not follow, however, that such prac- 


consequent 


tices as do increase insect abundance are 
in themselves bad. Not infrequently 
slight modifications may be made which 
will eliminate the undesirable entomo 
logical effects and still achieve the desired 
result. Some soil conservation practices 
will be mentioned and their entomological 
implications briefly discussed. 

Strip Farwinc.—The effect of strip 
farming on insect abundance’ varies 
widely from area to area and even from 
season to season. Its effects are particu 
larly noticed and will probably be of con- 
tinuing importance in areas where grass- 
hoppers are serious and particularly in 
areas which have a history of repeated 
annual grasshopper outbreaks. It is noted 
that strip farming and its effect on grass- 
hopper populations W ill he discussed later 
in the program so that it will not be fur- 
ther considered here. 

In areas where chinch bugs are endemic 
or during years of widespread chinch bug 
infestation, strip farming involving small 
grains and corn or sorghum greatly in 
creases the hazard from chinch bugs and 


materially increases the cost of their con 
Strip 


farming, with these crops 


trol. 
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should be recommended in areas of fre- 
quent chinch bug damage only after 
consideration of the hazards involved. 
Reports have been received of the in- 
crease In certain cutworms, 
particularly the variegated cutworm and 
other migratory species, as a result of 
strip cropping with leguminous crops, and 
such cropping— particularly with legumes 
and corn or other row crops and small 


species of 


grains—may have a tendency to increase 
materially the damage resulting from 
these species. 

These are only a few of the cases where 
insect abundanes may be increased by this 
pract'ce. It does not necessarily follow, 
however,that this should result in condem- 
nation of strip farming as such. Sufficient 
information should be made available to 
permit adequate evaluation of the possible 
entomological hazards from strip farming 
In a given area and to provide means 
whereby undue hazard created hy the 
practice may be avoided. In many in- 
stances sufhicient information is not now 
available to determine the hazards result- 
ing from strip cropping or other similar 
practices, or to suggest means of avoiding 
them. It is important that such informa- 
tion be accumulated as rapidly as 
sible, both through research agencies and 
through observations made by the exten- 
sion under 
they actually occur in the field following 
the introduction of farming with 
various crops, in various localities, and 


pos- 


entomologists conditions as 
st rip 


with various insect species. 


MAINTENANCE OF Sort Cover.—An 
important feature of soil) conservation, 
both from a fertility. and an erosion 


standpoint, involves the maintenance of 
sufficient cover on the land to prevent 
undue washing, through 


and crop remnants on the field or through 


leay ny debris 


the planting of cover crops. 

The utilization of small grains as cover 
crops in the central great plains region 
and in the southern portion of the Upper 
Mississippi and Ohio Valley regions in- 
volves certain hazards from increase in 
hessian fly populations. This may be more 
marked if moist conditions more favor- 
able to hessian fly development prevail. 
Cover crops of wheat. barlev. or rye, 
planted previous to the safe date for 
avoiding hessian fly attack, should not be 
recommended in any areas where hessian 
fly is a serious problem without careful 


consideration of the hazards involved. 
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The combination of fallow lands main- 
taining stubble and volunteer wheat and 
the early planting of a cover crop such 
as wheat presents an ideal situation for 
rapid multiplication of hessian fly and 
the development of extensive outbreaks. 

Certain cover crops such as grasses and 
legumes are partic ularly favorable to the 
development of a number of species of 
cutworms and may result in extensive 
and severe damage when these crops are 
followed by including corn. 
In certain western areas the western army 
cutworm and the pale western cutworm 
are both very important crop pests, par- 
ticularly of small grains and legumes. The 
common control method for both these 
species is clean summer fallowing during 
the season prior to the planting of small 
Leaving stubble and weed growth 


row crops, 


grains. 
on the land in order to prevent erosion or 
the utilization of certain cover 
allows these insects to Increase greatly in 
numbers. Recommendation for the utili- 
zation of specific cover crops should 
made only after full consideration 
been given to the extent and Importance 


crops 


has 


of cutworm infestation. 

A recent study completed by the Bu- 
reau of Entomology and Plant Quarantine 
indicates that abnormal conditions for 
survival of certain species of wireworms 
may be developed through the growing of 
red and of certain other cover 
crops. In the instance of other 
grown in rotation, it has been shown that 
their effect leads to stationary population 
It is not sur 
vrowers 


clover 
crops 


or even to slight decreases 
prising that in certain areas 
loath to adopt the of winter 


crops as a soil conservation practice when 


are 
use cover 


they have been led Vv experience to be 
lieve that such crops cause an increase in 
wireworm infestation. [It is the opinion of 
southern Cali 


CTOps 


a number of 

fornia that the 
as a cover materially 
damage. This has resulted 
of a number of the farmers to participate 
in the Agricultural Adjustment Program 
because thev feel that the wireworm dam 

age growing of the 
cover crop will far outweigh any benefit 
that they may receive from the program. 
On the other hand, damage from certain 
species of wireworms in the Southeast 
is eliminated to a large extent by the 
planting of suitable cover and soil-build 
The role plaved hy cover crops 


vrowers ti 
use of green manure 
increases Wwireworm 


in the failure 


subsequent to the 


ing crops 
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in controlling wireworm populations needs 
further study but it is certain that, in 
areas where wireworms are important, 
cover crops should not be recommended 
unqualifiedly before their effect on wire- 
worm development is reasonably well 
known. 

Retention of crop remnants and stubble 
on soil between the harvesting of one crop 
and the planting of another is important 
in many instances as an erosion preven- 
tion measure. This practice runs counter 
to the recommendations given for the 
control of many insects which eall for the 
early destruction of crop remnants, in- 
cluding stubble, and, in many instances, 
for fall disturbance of the soil. The de- 
struction or proper treatment of plant 
debris is of particular importance in the 


control of such insects as hessian fly, 


wheat jointworm, wheat strawworm, 
Kuropean corn borer, and cotton boll 
weevil, among others. 

Som Cover.—The utilization of soil 


cover as a means of prevention of erosion 
deserves the careful consideration both 
of entomologists and soil conservationists 
in the working out of a program which 
will give a maximum insect control and 
soil protection. Careful consideration of 
a few specific insect problems indicate s 
that both important objectives may fre- 
quently be attained by the proper timing 
of operations and the proper selection of 
method. Because many of the -field crop 
insects can be controlled on a practical 
basis only by cultural methods, a recon- 
ciliation of the two programs is particu- 
larly important from the standpoint of 
field crop insect control. The Bureau of 
Entomology and Plant Quarantine and 
the Soil Conservation Service have 
cussed recently the burning of field mar- 
gins and the early destruction of stalks 
in relation to boll weevil control and pre- 
erosion, with the object of 
working out adjustments meeting the 
needs of both programs. Certain state 
entomologists are doing an excellent job 
in working out program adjustments 
with the Soil Conservation agencies, in 
both soil conservation and insect control, 
which will give the maximum benefit. 
Closely coordinated consideration of prob- 
lems of this nature should certainly be 
encourged and every effort should be 
made to bring to the attention of soil 
conservationists and entomologists the 
possibility of devising agricultural plans 


dis- 


vention. of 
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meeting the needs of local areas. These 
are not problems which can be satisfac- 
torily attacked on a broad national basis 
but must from a_ local 
standpoint, where specific consideration 
may be given to the crops grown, the 
agricultural and the important 
local insect problems. 

TREES AND Survups IN CONTROL Oo} 
Eroston.— Extensive utilization of plant- 
ings of various trees and shrubs to retard 
or prevent erosion, particularly in gullies 
and hilly, abandoned land, is being made 
in various parts of the country as a part 
of the soil conservation program. 

The use of certain trees and shrubs for 
the control of erosion may be of great 
importance from the standpoint of in- 
creasing the pest risk hazard when plants 
are selected for this purpose which are 
important hosts of insects attacking cul- 
tivated plants. There is the possibility of 
forming uncontrolled reservoirs for pests 
of cultivated fruit and shade trees which 
may build up large populations for in- 
festation of commercial plantings. This 
may be true, for example, where apricots, 
plums, prunes, and peach trees are used 
for gully erosion control in areas where 
these or related crops are grown on a com 


be considered 


needs, 


mercial basis. There is also the possibility, 
through these plantings, of bridging bar- 
riers to the further natural spread and 
extension of insect pests which now occur 
due to discontinuous distribution of cer- 
tain commercial plant species. 
Another entomological problem 
sented by utilization of trees and shrubs 
for erosion control involves the control of 
insect pests of these species to make them 
more effective for the purpose intended. 
For example, one of the trees most suit- 
able for planting in certain large sections 
of the United States would be the black 
locust if it were not for the severe injury 
from locust borer suffered by this species. 
Witp Lire Conservation.— The in- 
creased interest in the conservation of 
wild life and the attempts to provide 
adequate winter cover and food for vari- 
ous species of birds and game animals run 
counter, in respects, to common 
recommendations for control. It 
has been considered sound entomological 


pre 


SOC 


insect 


practice to clean up fence rows and cor- 
ners, and to eliminate as far as possible 
weedy growths and similar places suitable 
for winter hibernation. These places also 
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provide suitable winter cover and food for 
wild life. Burning of cover 
recommended for the control of certain 
species of farm pests, including chineh 
bugs, ticks, boll weevils, ete. The desir- 
ability of wild life conservation suggests a 
careful re-examination of all 
mendations for determine 
whether they are necessary and just how 
effective they are in accomplishing de- 
sired results. No doubt in many instances 


has heen 


recom- 
burning to 


recommendations for burning have been 
made purely on the basis of destruction 
of favorable overwintering quarters with- 
out any actual evaluation having been 
made of the results of this in terms of 
population reduction. In some instances, 
restricted and controlled burning may be 
desirable and but it should 
not be recommended indiscriminately or 
without adequate factual basis to support 
it. On the other hand, insect control, par- 
has been cm- 


necessary, 


ticularly of grasshoppers, 
phasized by wild life conservationists as 
of importance in conserving food for wild 
birds. Elimination of Gulf tick, 
which may involve burning, would re- 
move an important predisposing cause of 


C' mast 


screwworm infestation in deer and other 
wild animals. 

Just what effect 
cover for wild life 
insect populations is a moot question and 
one which deserves the careful considera- 


retaining adequate 


would have on crop 


tion of research entomologists and con- 
servationists 

Proper Lanp Ust 
MENT OF UNPRODUCTIVE 
tremendous abandonment, 
last few vears, 
of drought and of inadequate financial 
return, as well as the retirement of lands 
from cultivation under the resettlement 
a serious problem in 
the ad- 

aban- 


Wp THE RETIRE- 
Lanps.—The 
during the 
of farming lands because 


program, presents 
control, at least) during 


Lands recently 


insect 
justment period. 
doned form ideal breeding places for a 
large variety of agricultural pests, one of 
the most important of which is grass- 
hoppers. Just how the control of insects 
on these lands can be best handled during 
the reversion process Is a SCTIOUS consid- 
eration, particularly in the northern great 
Any process whereby the 


plains states. 
ean he 


reversion to good grass lands 


speeded up should he viven encourage- 
reduction in_ the 


ment beeause of the 


entomological hazards from these lands. 
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In this instance, the soil conservation and 
land-use programs fit in ideally with the 
needs from an entomological standpoint. 

It may be said that, asa general thing, 
range land which ts well-grassed, with a 
minimum of weeds, is not an important 
insect hazard. [tis primarily during the re- 
version process of abandoned land and on 
depleted ranges that the pest risk exists in 
an exaggerated form. Certainly the re- 
moval from cultivation of marginal lands, 
on which the return is so small that ap 
proved insect control practices cannot be 
adequately followed, is a step in the right 
direction. The formation of grazing dis- 
tricts and other measures, aimed at ob 
taining the maximum utilization of graz 
ing lands but at the same time preventing 
over-grazing, fits in ideally with this pro- 
gram in preventing the depletion of ranges 
and pastures, and in bringing about the 
most rapid return to good grass cover of 
depleted ranges and of lands recently 
taken out of cultivation. 

The Improving 
pasture lands may involve the use of in 


process of range and 
troduced grasses. The relative susceptibil 
itv of these plants to grasshopper and 
other range insect attacks, and their re 
infestation by fly, 
strawworm and other crop pests which 


sistance to hessian 
attack grasses are of interest to entomolo 
gists and conservationists alike. 

As a part of the program for making 


the best use of lands considerable at 
tention has been directed toward con- 
servation of forests and reforestation, 


with Increasing appreciation of the 
importance of insect control in obtaining 
and maintaining forest stands. A 
number of problems have been 
presented, particularly in the control of 
insects in forest nurseries and in 
plantings of forest trees. The atte mpt to 
establish forest plantings as shelter-belts 
has 


an 


ron vf 


insect 


new 


also been accompanied by insect 
losses. Most of these problems are not 
new but have assumed increasing Impor- 
tance because of the expanded program. 

Crop Inst RANCE. The reeent provi 
sion for Federal crop insurance on wheat, 
and its possible extension to other cCTOps, 
presents a problem in evaluating insect 
losses as a factor in establishing rates. 
Experience with actual losses occurring 
over a period of years will provide a 
sounder basis for insurance costs than is 


possible on the basis of any information 
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available at the present time. The impor- 
tance of developing more adequate means 
of evaluating and recording insect losses 
has been emphasized by the demand for 
information in connection with this pro- 
yvram. It is likely that information ob- 
tained through settlements on crop insur- 
ance policies will be a valuable source of 
data on damage resulting from insect 
attack in the future. If such information 
is to be accurate, however, it presents an 
important extension problem. The fact 
that the crop insurance program is 
handled very largely through local com- 
mittees in the counties, who make recom- 
mendations on policy adjustments and 
determine the cause of the loss, indicates 
the need for extension work which will 
reach the committeemen and enable them 
more adequately to determine the causes 
of loss, with particular reference to the 
species of insects involved. 

Above all is the importance of estab- 
lishing adequate insect control practices 
as a concomitant to the development of 
the crop insurance program, both to re- 
duce the losses which must be covered 
under the program and to reduce the in- 
surance rate to the grower. Crop insur- 
ance should offer an important incentive 
to the grower to apply the recognized 
methods of control, as the policies contain 
a provision whereby they may be invali- 
dated if the farmer has not employed gen- 
erally practiced methods of protecting his 
crop from insect and other losses. 

Ever-NorkMAL GraNnary.—The = stor- 
age of large quantities of wheat and corn 
on the farm as a part of the Ever-Normal 
Granary Program is presenting serious 
problems in the control of stored product 
insects. Infestations by these insects will 
probably he most severe during the times 
when the largest amount of grain ts in 
storage, more abundant crops 
and maximum storage of high-moisture 
grain will occur during periods of favor- 
able rainfall. These conditions are also 
favorable for the increase of insect infes- 


because 


tations. 

The immediate responsibility for ap- 
proving suitable storage failities and for 
checking proper insect control procedure 
devolves largely on local committees. An 
important extension problem is presented 
in educating the local people responsible 
for handling the Ever-Normal Granary 
Program in determining satisfactory stor- 
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age and in recognizing and controlling 
insect infestation. 

The extensive increase in farm storage, 
with the long holding period and the pos- 
sible building up of reservoirs of infesta- 
tion on the farm which have not pre- 
viously existed, presents important re- 
search problems in control. Objections 
which have been raised to the use of car- 
bon disulphide because of its fire hazard 
and its limitations as to effectiveness indi- 
cate the need for additional research on 
fumigants for farm use, as well as on 
methods of handling fumigations under 
the various farm storage conditions. 

ADJUSTMENTS OF SUPPLY TO DEMAND. 

The need for insect control under con- 
ditions of surplus production and in the 
face of a program designed to reduce 
surpluses of certain crops has been fre- 
quently questioned. The whole system, 
however, calls for an equitable reduction 
of production throughout the major pro- 
ducing areas and further demands con- 
siderable accuracy in forecasting probable 


Grasshoppers. 


(. B. Dinsie, Mi 


The following material has been used 
as basic information in presenting the 
broader aspects of the grasshopper prob- 
lem to the County Agricultural Agents 
and Farmers in the grasshopper area in 
Michigan. The county agents have had 
an active part in the annual surveys and 
appreciate the importance of the grass- 
hopper problem as a factor in soil erosion. 
The farmers on the lighter soils seldom 
realize what has happened and the situa- 
tion is being met by bait spreading dem- 
onstrations and square mile control dem- 
onstration areas in addition to the lee- 
ture, radio and news story approach used 
for several years. 

The more severe grasshopper infesta- 
tions have occurred in Michigan in areas 
where the lighter soils predominate. The 
heavily infested areas consist mainly of 
abandoned cleared farm lands and cut 
over areas which have been burned over 

forest fires. These latter areas were 
usually 
land 


widely used as pasture for cattle, 
on an open range 
fenced. 


basis, with some 
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production. Any factor, such as severe 
insect outbreaks, which might tend seri- 
ously to disrupt the equiti able distribu- 
tion of production and to inject an un- 
predictable factor into production esti- 
mates, would seriously interfere with the 
proper carrying out of the adjustment 
program. The need for reduction of insect 
losses to a minimum to avoid disruption 
of the program is thus emphasized. 
Coupled with the adjustment of supply 
to demand is an attempt to raise per- 
acre income. The production of crops for 
the consumption of insect pests adds tre- 
mendously to the cost and may seriously 
reduce the income per production unit. 
The adequate control insects such as 
grasshoppers, chinch bugs, boll weevil, 
and hessian fly, which may seriously re- 
duce production and increase its cost, is 
an essential in establishing a_ stabilized 
agriculture, and places a serious responsi- 
bility on research and extension entomolo- 
gists to provide the best means for control 
and to put them into practice. 1-6-40, 


Soil Erosion in Michigan 


higan State College 


Widespread severe grasshopper infesta- 
tions occurred in Michigan in 1917-18-19 
and again in 1933-34-35. Following these 
periods, marked changes occurred through- 
out the infested territory and considerable 
areas of land went out of agricultural use. 
In some instances, the grass was replaced 
by weeds and later by dewberries, sweet 
fern and poplar. In other cases, the loss 
of the grass as ground cover exposed the 
soil to the influence of the wind. Before 
other vegetation could get started, blow- 
outs occurred wherever the wind attained 
sufficient velocity to carry the sand. In 
more protected sites the development of 
moss in the “hopper” droppings, which 
accumulated in small depressions, spread 
and in many cases formed a temporary 
bond for the soil surface. 

Severe wind erosion and in some cases 
water erosion has occurred throughout 
the grasshopper area in the western por- 
tion of the state and in the other areas 
where the sandy soil types prevail. This 
denuding of the ground has been watched 
as it progressed on many fields in connee- 





! 
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tion with the grasshopper population sur- 
vey work, Small blowouts have been ob- 
served to start and grow in two years to 
cover severi al acres in old fields where a 
good stand of grass had occurred and 
where a fair stand remained beneath and 


on the north side of thick trees or tall 


brush lines. 

The grass growing in the shadows of the 
trees was just as heavily grazed by live- 
stock as that in the open at the start of 
the infestation and received more atten- 
tion later as there was no grass elsewhere. 
In spite of a concentration of grazing by 
eattle the blue grass persisted in_ the 


shaded spots where it had to compete 
with the trees for moisture. In the open, 
whe ‘Te the sunlight permitted the “hop- 


pe rs’ to feed more he “ay ily and probab ly 
later in the season, the grass dis: ippeare d. 

Residual, natural, blue 
could not occur on these sites as long as 
the grasshoppers were present in large 
numbers. Where control, consisting of 
poison bait, Was used over large areas in 
Wexford County by the Forest Service in 
1935 and 1936, the limits of their holdings 
were well defined in 1939 by the differ- 
ences in ground cover. More rainfall than 
usual gave the grass a chance to develop 
rapidly wherever there any to de- 
velop, and where the grass hopper popu- 
lation had been reduced to a normal level. 

Overgrazing by livestock is conducive 
to soil erosion, but when accompanied 
by severe grasshopper infestations with 
popul: itions of from 15 to 40 gr: isshoppe rs 


seeding 


YTUss 


Was 


per square yard, this condition is much 
aggravated. In many cases, overgrazing 


alone would not have caused the condi- 
tion that exists as the cows would have 
starved out long before the 
were all dead. 

EFFECTS OF EROSION ON GRASSHOPPER 
PopuLations.— The relative 


eTass rox yt Ss 


abundance 


Evaluation of Insect Damage 


W. P. Furvt, 

At the present time the only crop in- 
surance which is actu: ally in oper: ition is 
that for wheat. This applies only so far 
as federal insurance In a 
fe ‘WwW Case Scrops may be insured hy priv: ate 
insurance companies, but these 


is concerned. 


are all, sO) 


far as can be learned. special cases, and 
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of the various species of grasshoppers in 
Michigan changes as the ground cover 
becomes different. The predominating 
species on many sites in 1934 was Cam- 
nula pellucida; the following year, 1935, 
this species took second place in impor- 
tance on many sites where grass was 
scarce. Melanoplus mexicanus became the 
first ranking species and was able to per- 
sist where no grass was to be found after 
mid-summer. They fed on milkweed, 
moss and other suitable vegetation that 
was available on the various sites and 


were able to deposit sufficient eggs to 
maintain a relatively high population 
level. 


As the denuding progressed and was 
followed by wind action on the soil, 
Ageneotettic deorum found conditions more 
suitable. This species assumed first place 
in numbers and importance in many 
areas where blowouts occurred. The egg 
laying habits of the species were favored 
as the eggs are commonly found in bare 
sandy areas, mainly blowouts and washes, 
about small clumps of grass. The grasses 
include the so-called wire grasses that 
are not commonly used for food. The eggs 
are most often found in the northern edge 
of such areas where the exposure to the 
sun ts the greatest. 

On better sites where the grass was 
never completely killed out, C. pellucida 
sometimes retained first place in numbers 
and in others resumed first place as soon 
as a season of more favorable grasshopper 
weather occurred. The greatest single 
factor influencing population levels and 
the relative abundance of the economic 
species still seems to be the weather. The 
most critical time of year is the hatching 
period. When changeable weather occurs 
the young “hoppers” are often hatched 
on warm days and die if cool weather 
follows 1-6-40. 


under the Crop Insurance Plan 


bana, Lllinoi x 


none of the private companies has any 
general crop insurance plan which it is 
using at this time. 

Under the wheat insurance plan now in 
operation, the crop may be insured for a 
loss of either 50 per cent or 75 per cent of 
the value of the crop. There is no provi- 
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sion for insuring losses amounting to more 
than 75 per cent of the crop. Under the 
present plan there is no provision for 
evaluating insect damage as such, or for 
that matter, damage caused by any one of 
the many factors that may bring about a 
reduction in the wheat vields. The loss 
for any one season is determined from 
the average vield of wheat on the particu- 
lar farm for a period of years. This is also 
modified by the average vield on all farms 
in the county in which the insured field is 
located. The average yield for the farm 
has been determined as the average for 
the period for that farm from 1980) 1935 
inclusive. This is also adjusted on the 
average 10-year vield in the county for 
the period of 1926-35. During the past 
vear there was some difference in the way 
in which the average yield for the farms 
was determined. In some cases the vield 
was determined by the average during 
the period of the past 17 years. This 
method was in general use in some parts 
of Hlinois during 1939. 

As will be seen, under this plan the 
loss might be due to the drouth, hot 
winds, hail, insects, floods, and, under 
certain conditions, to damage from live- 
stock or a number of other factors. Negli- 
gence of any essential part of the wheat 
growing operation on the part of the 
owner ordinarily cancels the insurance. 
Arbitrary factors that have been sug- 
gested for determining negligence on the 
part of the co-operator are: (1 If he sows 
before the fly-free date or more than a 
week after the general average date of 
seeding in the community; (2) If he fails 
to set up grain shocks after a rain or wind; 
3) If he does not keep gates closed around 
grain fields and livestock comes through 
the open gates and causes damage; (4) If 
he does not thresh his shocked grain 
within two months after cutting tt, unless 
rainy weather has prevented this for two 
weeks or more during that time; (5) If he 
does not have sufficient operating capital 
or eredit: (6 If he adopts a cropping policy 
counter to recommendations from county 
farm advisers or other qualified individ 
uals; (7) If he plants varieties not adapted 
to his soil or climatic environment. 

If it is found that any of the above 
factors apply to a particular farmer, he 
can bring no claim for benefits from crop 
insurance, as he will be held to be a negli- 


gent cooperator. 
Under this plan it is of course Important 


that a very definite method be set up for 
determining average yields. According to 
Dr. Walter J. Wills, a graduate student 
who has made a careful study of crop 
insurance as now in force, the best method 
for determining this ts to get the data on 
the average yield for wheat for the vears 
for which such data are available, the 
data to be taken for at least a six-year, 
and better, for a ten-year period. The 
average yield thus determined is placed 
on an index basis; /.¢., the county average 
for the given crop for the given vear will 
equal 100. For a given field the index 
might thus be for wheat, 93, or LOS, or 
110, or 75. Then to determine the average 
vield for a given farm for a certain period, 
one takes the actual vields for the field 
when it was in wheat, and multiplies the 
county average by the productivity index. 
This gives the approximate vield for the 
field. 

Under this system, then, there is no 
prov ision for, or attempt made to evalu- 
ate, insect losses for the ten vears 1909-19, 
Insect losses to wheat in the northeast 
central states were, as determined by Dr. 
Wills, 3.88 per cent; in the west north 
central states, 2.02 per cent; in the south 
central states, 2.67 per cent. For these 
same years the total crop loss from all 
causes averaged a little above 30 per cent. 
In other words, insects were responsible 
for only about 10 per cent of the total 
loss to the wheat crop 

While no insurance plan is definitely 
enforeed for other crops, the agricultural 
economists state that it is probable that 
about the same system would be worked 
out as has been worked out for the wheat 
crop, t.€., it would not be necessary to 
evaluate insect losses as such. It is quite 
obvious that it would be much easier to 
earry out such a plan than it would a 
plan under which an attempt is made to 
give a definite value to the losses caused 
by each of the many adverse factors. The 
provision for cancelling the insurance, if it 
is determined that the cooperator has 
been willfully negligent in following the 
best suggested methods and practices, 
would seem to guard against his willfully 
failing to take the usual precautions to 
combat insect. Under the provisions now 
in force it would seem that a failure to 
use poison bait for the control of grass- 
hoppers and to take recommended pre- 
cautions against the clover root worm, the 
southern corn root worm, or the white 
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grub would be considered as willful negli- 
gence on the part of the cooperator, and 
would therefore automatically cancel his 
insurance. On the other hand, if an insect 
outbreak occurred of which he was not 
warned in advance and in such a way that 
he could not take measures to stop the 
damage, it seems that he should receive 
compensation from his crop insurance 
policy. Examples of damage of this nature 
are heavy infestations of corn ear worm, 
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destruction of crops by migratory swarms 
of grasshoppers, damage by wireworms, 
or damage by second brood chinch bugs if 
he has not willfully planted strains of 
corn which were known to be highly 
susceptible to these insects. 

On the whole, it would seem that the 
present insurance plan as operating for 
wheat makes provision for taking care of 
insect losses in wheat in a way that is 
quite satisfactory and workable.—1-6-40. 


The Effect of Arsenical Grasshopper Poisons L pon Pheasants 


Joun H. Linriy, f 


Wholesale use of arsenical baits in 
grasshopper control campaigns has served 
to keep alive the question of whether or 
not these baits are a menace to wild life. 
This is particularly true of upland game 
birds, due to the stocking programs in 
progress in various states. The ringneck 
pheasant is of special interest because of 
its adaptability and popularity as a game 
bird in extended areas. 

The effects of poisons on gallinaceous 
birds have been discussed by several writ 
ers but the number of critical investiga 
tions in this field is surprisingly small. 
Whitehead (1984 a good review of 
the literature and made extensive tests 
with domestic chickens. He 
ducted feeding tests with quail and nest 


fave 


also econ 


ling song birds. Wilson and Holmes 
1936) reported on an exhaustive study 


along similar lines, also with chickens. 
Zimmerman (1988 
of the meager information available on 
upland game bird poisoning. The general 
conclusion indicated Hy these and other 
papers is that gallinaceous birds are rela 
tively immune to grasshopper poisoning 


has summarized most 


as recommended and practice d 
This paper is a report on a study in 
tended to demonstrate whether or not 
grasshopper control practices are detri 
mental to the ringneck pheasant 
Procepures.— Four pairs of young 
pheasants (43 days old at start of ex 


periment on August 9, 1989) were con 
fined in sereen cages of 3X22) feet 


dimensions. These cages were located un 


der the north sides of two apple trees, 


so as to afford protection from direct sun 


Published wit eapp oft I) Wis 
Agricultural Experiment Stat 
Department of Ke« n nt 
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light. With the exception of pair 1, the 
birds were on dirt up to August 30 after 
which date the cage floors were kept cov- 
ered with a layer of finely-crushed lime- 
stone. Pair 1 was similarly housed up to 
September 7, after which they were on an 
eighth inch mesh sereen floor. 

These birds were fed daily throughout 
the experiment and fresh water was kept 
constantly before them. The “standard 
diet” consisted of two standardized Gold 
Medal feeds upon which the birds had 
been fed previous to the start of the tests. 
These are listed as “mash” and “grain” in 
figure 1 for the sake of brevity. Mash 
refers to Gold Medal Turkey Builder, 
guaranteed to contain not less than 24.0 
per cent crude protein, 4.5 per cent crude 
fat, 40.0 per cent nitrogen-free extract, 
and not more than 6.5 per cent crude 
fiber. Grain refers to Gold Medal Develop- 
ing Grain—cracked yellow corn, wheat, 
kafir and milo, guaranteed to contain not 
less than 10.0 per cent crude protein. 
Crushed limestone served as grit. 

Various combinations of arsenical baits 
and grasshoppers poisoned with these 
baits were made with the ingredients of 
the standard diet during the course of the 
experiment, Details are given in figure 1 
and table 1. The “U.S.D.A. standard” 
bait had the following formula: 3 parts 
bran, | part sawdust, 2 quarts liquid 
sodium arsenite (4-pound material) per 
bulk of carrier equal to 100 pounds bran, 
1} gallons cane molasses, and 10 to 12 gal- 
lons water. This bait is used by govern- 
ment entomologists as a basis of compari- 
son for experimental baits in field tests. 
It is considered more palatable than 


many baits in commercial use, due to the 
high proportions of bran and cane molas- 
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ses. All “poisoned” hoppers had had ac- 
cess to this bait and were dead or dying, 
presumably from poisoning. 
Several species of grasshoppers were used 
but Melanoplus pre- 
dominant. The oil-bran bait is one that 
has proven particularly effective in cage 
and field tests in Wisconsin during the 


arsenical 


mericanus Was 








Weight fluctuations of 


in arsenic tests 


phe isants 


past two years. The formula is: 25 pounds 
bran, 1 pound mono-calcium arsenite and 
2 qui  Lso-Vis 20-W oil 
~*~ quarts of [so 8 z Oll. 

All birds were weighed individually at 
weekly intervals from August 9 to August 
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30, and at four-day intervals from August 
830 to the end of the experiment on Sep- 
tember 23. On September 24 they were 
photographed and six were released on 
that date. The larger bird of pair 1 and 
the female of pair 2 were killed and 
autopsied on September 26. The former 
was a greedy individual that had eaten 
more than half of the 5,190 poisoned 
hoppers fed to this pair between August 
30> and September 19, while the latter 
showed the most severe effects from eat- 
ing poison bait when pair 2 was on the 
exclusive bait diet \ugust 30 
and September 3. The vital organs and 
birds examined 
pathological 
changes and subsequently analy zed chem- 
ically to determine the amounts of arsenic 
present within them by the procedure 
recently advocated by Cassil & Wich- 
mann (L939 

DISCUSSION Both individuals of pair 
1 gained consistently on the standard diet 
from August 9 to August 30. The only 
feed provided from August 30 to Septem- 
ber 3 was 735 poisoned grasshoppers, but 


between 


tissues of these were 


LTOSS 


macroscopically for 


these birds seratched considerably dur- 
ing this period and uncovered some grain 
that had been buried in the crushed lime- 
stone. During the next eight days, Sep- 
tember 3 to 11. they received a total of 
2 £50 potsoned grasshoppers as their ex- 
clusive diet. The weight loss during this 
interval was thought to be due mainly 
to lack of sufficient food, rather than to 
arsenical During the 
quent eight day period, both birds made 
satisfactory gains when fed Gold Medal 
Dereloping (rrain, suppleme nted with 200 
poisoned hoppers daily This pair received 
a total of 5.190 poisoned grasshoppers 


polsoning subse- 


over a 20 day period, but no deleterious 
effects were evident, aside from weight 
losses that were promptly regained. 

Pair 2 consisted of comparatively large 


individuals which gained rapidly from 
August 9 to August 30, during which 


time they received LOO unpoisoned live 
grasshoppers daily. From August 30 to 
September 3 they were on an exclusive 
diet of the U.S.D.A. standard bait. The 
female fed moderately on this bait at 
first and became very ill. The male was 
more wary of the bait and little feeding 
was done by either bird after the first day. 
Undoubtedly the weight were 
due partially to lack of food, although 


losse s 
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arsenical poisoning was probably in part 
responsible. These birds were put back on 
the standard diet on September 3 but a 
handful of the poison bait was scattered 
over the cage floor each day from Septem- 
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the standard diet. The August 16 weigh- 
ings suggest that some slight physiolog- 
ical adjustment to this amount of arsenic 
intake may have been necessary. They 
received only the standard diet from 


Table 1.—Record of four pairs of caged pheasants under test from August 9 to September 23, 1939 
(birds 43 days old on August 9). Door County, Wisconsin. 











Weicnt (oz CHANGE 
Pare Dairy Ration ror Pers Potal Net 
August 9 to le 
| =t | diet l2 1! 2% —_— 
z) st | {diet plus 100 unpoisoned hoppers it 13 41) - 
; st | i diet plus 100 poisoned hoppers 12 14 26 
‘ =f lard diet with UvS.D_A. standard bait, admixed 11.5 9 20.5 
Aug l¢ 
, < et 16 14 0 ' 3 7 
, = jet 5 s 100 I I 14 17 6 8 4 7 
~ et plus 100 poisor pp 13 14 27 l 0 l 
‘ ~ | t with US D.A. st t x 12 9.5 21.5 0.5 0.5 1 
Au t ) 
~ l ) 16.5 4 1.5 2.5 + 
. ty 100 unpe ' 7 $5 5 $ 9 
- i plus LOO potse pp 1 l ) 4.5 ‘ t.5 7.8 
‘ - ba » Us.DA i atte l 1! 4 l 1.5 2.5 
\ugust 30 > 
l hx het of porsoned e isty 20.5 1s 8D 1.8 4.5 
Ey 1 U.s.D.A. stand 28 3.5 51.5 ‘ 2.5 6.5 
~ ! out ipp 1.3 19.5 +1 $.35 2 6.5 
1 _ i it py % 12.5 25 1.5 4.5 
l bx | ned hopy rt y 20.0 18.5 1” 0 0.5 0.5 
st US.DLA t tt iv 16 5 9 7.5 16.5 
~ l 20 +1 0.5 0.5 0 
‘ . 17.5 14.5 $2 1.5 , 3.5 
| t of poiser 
$44 per da | 15 2.5 3.5 6.5 
- plus USDA 14 5 ‘ 1.3 2.5 
a) x ‘ ) 22 4 ‘ 2 6 
" “i 1” l¢ ) oO 1.5 2 $3.5 
Se] 
1 G | 100 pois 16 12 28 l $5 4.5 
~ . pI 2t 16 $2 3 1.5 4.5 
™ t p 17 if 33 8 6 14 
; = r 40 17 l o.5 1.5 
sey ) 
l (y | "0 Is 14 2.5 2 4.5 
- ia 1 oD 6 7 1S 
wt | 19.5 19 iso ? 5 ; 5.3 
$ ~ 20 5 $ 6 
sep ) 
, 3 id 19.5 15 4.5 1 1 2 
2 st ba ‘ 5 a” 4 4 ‘ 
; - et 22.5 22 $4.5 5 ; 6 
‘ - t {4 21 45 l l 2 
(hy ly acl: t p» ? Is 0 , 5 5.5 
(ine bird released; t I t 7 5 63.5 ? 5 $.5 
IB Is released + 4 + 1.5 1 2.5 
4 B ! leas 2.0 21 $6.0 1.5 0 1.5 
°7 stand | onsist ( Medal T / rand Gold Medal Developing Grain. Water was available at all times 
and ‘ir li t ‘ key ‘ I | August 30. Weight changes listed indicate gain or loss during pre- 





ber 3 to September 11. The birds ignored 
the bait and soon began to gain weight 
rapidly. 

Pair 3 likewise gained considerable 
weight between August 9 and August 30, 
during which period they received 100 
poisoned hoppers daily as a supplement to 


August 30 to September 7, when they 
were put on an exclusive diet of the oil- 
bran bait. For the four-day period during 
which they were kept on this feed they 
showed a marked loss of weight. They 
fed only sparingly on the bait, particu- 
larly after the first day, and evidently 
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the weight loss was again due in part to 
lack of nourishment. Satisfactory gains 
were recorded after the birds were put 
back on the standard diet on September 
11. 

Pair 4 of small 
from August 9 to August 23, these were 
fed the standard diet, liberally admixed 
with U.S.D.A. standard bait. They did 
not take readily to this combination, and 


consisted birds, and 


kK ONOMIC 
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is that these young pheasants survived 
comparatively large doses of arsenie jn 
the form of poison baits and poisoned 
and apparently entirely 
overcame any resultant ill effects. , 

The two birds upon which autopsies 
were performed failed to reveal evidence 
of gross pathological changes of any kind. 
The only blemish found in either was a 
bruised leg muscle that had obviously 


grasshoppers, 


Table 2.—Results of chemical analyses to determine amount of arsenic retained in tissues of two 


experimental pheasants. 








Birp rrom Pair 1 Biro rrom Parr & 
\~0) \~0) 
Total in Parts per Potal in Parts per 
SAMPLI Weight mmg million Weight mim million 
Gizzard lining and contents 9.5 iD 0 1.4 0 0 
Gizzard 13.7 9.0 0 66 14.05 3.3 0.92 
Ingluvies and contents $d 0.98 0.32 3 0 rT) 
Intestines and contents 2000 7.74 0.27 0 7.1 0.8] 
( aeca S.0 7.02 OSS 7 9 » 5 0.55 
Liver and gall bladder 20.0 1.44 O07 221) 2.52 O11 
Kidnevs t 6 “ “ 5? 09S 0.19 
Heart , 65 1.70 0.47 6.0 2 0.49 
Blood Ww 3.22 PF 316 AL ti 0 
Breast meat SSO 7.83 0.09 Ww ) ) $4 009 
Breast bone S.2 1 +4 1s 105 $2 Oo 40 
Leg meat 15 t O4 0.10 00 me 0.07 
Leg bones 90 “a Tt) 90 »> 94 0.25 
Droppings 2.3 155.84 67.75 > tt 17 45 12210 
ive 0 
Fifty poisoned grasshoppers 150 mmy. each 
Standard diet 10.0 $2 ow 
Blank 0.49 
* Weight records of body pa ns of wet weight. Those p g ples 
t Droppings f n pair | were ected on September ‘ ! ‘ I f pa 
> were dropped al t sept ber ¢ nel I t | 
this is reflected in the comparatively — resulted from a mechanical injury. 


small weight gains. During the subsequent 
seven day period they were fed only the 
standard diet in their feed dish, but a 
handful of the bait was scattered over the 
cage floor each day. The rate of gain 
increased during this interval, and con- 
tinued satisfactorily after August 30 
when they were put on the standard diet 
exclusively. 

Two points warrant emphasis at this 
time. First the fact that all birds 
showed a distinet dislike for the poison 
baits, and apparently fed on them little 
or not at all unless prompted by hunger. 
This confirms several observations by 
different writers (Zimmerman, 1938). The 
same does not hold true for yrasshoppers 


killed baits, these 


Is 


with arsenical since 


were eaten almost as readily as were un- 
poisoned live hoppers. The second point 


that 
was 


Data presented in table 2 show 
the arsenic ingested with the feed 
largely climinated by these birds within 
a comparatively short time. The bird from 
pair | was killed only 7 days after the 
end of the 20 day period during which 
the pair consumed 5,190 poisoned grass- 
hoppers, while the representative of pair 
2 was posted 25 days after the end of the 
t day period during which it was fed 
nothing except poison bait. Duplicated 
analyses of cage-poisoned insects showed 
$3.9 micrograms of AsoO, per grasshopper. 
The figures show that there was no signifi- 
cant retention of arsenic in 
any of the organs or tissues of these birds. 
Tests of two samples of droppings confirm 
the hypothesis that the birds rapidly 
eliminated the arsenic in the feces, which 
with presented — by 


or storage 


in aeceord data 


Is 








June 1940 Fanry & Rusk: Weatner and Deposits or [INSECTICIDES 505 


Wilson and Holmes (1936). Apparently paratively large quantities of the U.S. 
there is no hazard whatever in eating D.A. standard bait and another one fed 
pheasants that have been through a — exclusively on poisoned grasshoppers for a 
grasshopper poisoning campaign. period of 12 days showed no gross patho- 

Summary. Young pheasants in nature logical symptoms when autopsied, and 
are apparently not menaced directly by — neither of them retained significant quan- 
arsenical baits as the ‘y are commonly tities of arsenic in the body tissues sub- 
recommended and used. Not only are the sequently analyzed. 


baits spread too thinly to make them The results presented here indicate 
readily available but even the better ones that gr: isshoppe r poisoning campaigns 
re decidedly unpalatable to the birds. are not an important menace to young 


Caged pheasants consumed grasshop- —ringneck pheasant or to individuals who 
pers dead and dying as a result of eating may eventually consume birds so exposed .? 
arsenical baits almost as readily as they 1-6-40. 

did unpoisoned grasshoppers, and there 


are no indications that thev w ill not do so The following groups and individuals have contributed to the 


progress of this work: Professor Aldo Leopold; Wisconsin Con- 
in nature. servation Department; Doctor Paul C. Bennett, Wisconsin 
Department of Agriculture and Markets; Mr. John LaPlant 
A young pheasant that had eaten com- and Mr. M. H. Bingham. 
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fleet of Fruit Growth and Weather on Deposits of 
Insecticides on Apples in Southern Indiana 


Jvok FE. Paney and Haroutp W. Rusk, 0. S. Department of Agriculture, Bureau of 
Entomology and Plant Quarantine 


The chemical study of spray deposits to periments conducted at the Vincennes 
determine the lossof residue due to growth — station of the Bureau of Entomology and 
and weathering was first’ reported by Plant Quarantine from 1935 through 1938 
Hamilton & Smith (1925) when they de- were so designed as to permit the separa- 
vised a method for determining the quan- — tion of the decrease of residue concentra- 
tity and distribution of lead arsenate —tiondue to growth from that due to weath- 
spray residues on fruit. R. H. Smith ering. The experiments included studies 

1928) reported the investigation of ar- of the rate of growth of six varieties of 


senical spray residues and showed the re- apples and the effect of weather on lead 
lationship of growth and weathering to arsenate, nicotine bentonite, and pheno- 
harvest residue deposits. Since 1928, in- | thiazine spray residues. 

vestigators have generally included spray Fruit growth reduces the concentration 


residue analyses in reports of the use of — of insecticide deposit by expansion of the 
insecticides for codling moth control, but — fruit surface and is therefore equally ef- 
few have attempted to show the effect of — fective on all types of spray deposits but 
growth or weathering on reduction of res- differs according to the variety of fruit. 
Klue deposits. Hamilton (1929), Lathrop Loss by weathering, on the other hand, is 
& Sazama (1982), Carter & Newcomer — relatively independent of varietal differ- 
1933), Hodgkiss et al. (1984), and Frear — ences of fruit but affects spray deposits of 
& Worthley (1937) have reported studies various insecticides and spray mixtures 
of lead arsenate spray deposits in which — differently. It is the purpose of this paper 
the loss of residue due to growth or — to discuss the effect of fruit growth and 
weathering, or both, was discussed. Ex- weather on spray residue deposits result- 
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ing from the application of insecticides for 
the control of the codling moth in apples. 

Metnops.—Spray plots employed in 
the study of insecticides during 1935 and 
1938 were in a block of Grimes Golden 
trees of moderate to good vigor. The trees 
were from 15 to 20 feet high with a spread 
of approximately 20 feet. Plots in a similar 
block of Jonathan trees were employed 
during 1936 and 1937. Fruits for growth 
studies were taken both from the trees 
used for insecticide studies and from trees 
of approximately the same age and grow- 
ing condition located in orchards nearby. 
Samples for growth studies included Yel- 
low Transparent, Turley, Golden Deli- 
cious, and Winesap as well as Grimes and 
Jonathan. 

Fruit samples were taken from two 
trees in each plot and from three horizon- 
tal sections of the trees according to the 
normal crop distribution on the tree. The 
samples for chemical analysis consisted of 
50 fruits and were taken before and after 
each spray application and at harvest. 
Samples for growth studies, consisting of 
100 to 500 fruits, were taken at the time of 
each spray application. 

The spray schedules of the plots studied 
during the 4-vear period are as follows: 


1935 


Lead arsenate Lead arsenate 4 pounds, lime 1.5 
pounds, and copper sulfate O.75 pound to 100 
gallons in three covet sprays Phe dosage of lead 
arsenate was reduced to 3 pounds per 100 gallons 


im four addit ional cover sprays 
1986 


Lead arsenate lead arsenate % pounds, lime 1.5 


pounds, and copper sulfate 0.75 pounds to 100 
gallons in eight cover sprays 
Nicotine bentonite Nicotine sulfate HW) per cent 
l pint, bentonite 3 pounds, sovbean oil 


25 ounce to 


nicotine 
1 quart, and sodium lauryl sulfate 0 
100 gallons in four cover sprays. The nicotine sul 
fate and bentonite dosage was halved in four ad 


ditional cover sprays 
1937 


Lead arsenate without adhesive: Lead arsenate 4 
pounds, lime 1.5 pounds, and copper sulfate 0.75 
pound to 100 gallons in two cover sprays. The 
dosage of lead arsenate was reduced to 3 pounds 
to 100 gallons in five additional cover sprays 

Lead arsenate with adhesive Lead arsenate 4 
pounds and lime + pounds to 100 gallons in one 
cover spray. Lead arsenate 4 pounds, lime 1.5 

pounds, copper sulfate 0.75 pound, soybean flour 

0.25 pound to 100 gallons in one cover spray 

Lead arsenate 4 pounds, lime 1.5 pounds, copper 

sulfate 0.75 pound, and mineral oil 2 quarts to 100 


gallons in one cover spray. Lead arsenate 3 


pounds, lime 1.5 pounds, copper sulfate 0.75 
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pound, and mineral oil 2 quarts to LOO gallons in 
one cover spray. The last mentioned formula 
without mineral oil was used in four additional 
cover sprays 

Tank-mix nicotine bentonite: Nicotine sulfate (40 
per cent nicotine) | pint, bentonite 5 pounds, soy- 
bean oil 1 quart, and sodium lauryl sulfate 0.5 
ounce to 100 gallons in four cover sprays. The 
dosage of sulfate and 
halved in three additional cover sprays 

nicotine-bentonite 


nicotine bentonite was 


Factory processed Factory- 
processed nicotine-bentonite (5 per cent nicotine 
6 pounds and mineral oil | quart to 100 gallons in 
two cover sprays. The dosage of mineral oil was 
doubled in five additional cover sprays 

Phenothiazine without adhesive Phenothiazine 4 
i tllons In seven Cover}, sprays 

Phenothiazine } 


pre ipitated with cal- 


pounds to 100 


Phenothiazine with idhesive 
pounds and soap 2 pounds 
to 100 ¢ 


cium ¢ hloride illor sin four cover spravs 


The dosage of soap Was reduced to 1 pound in 


three additional cover sprays 
1OOS 


Lead arsenate 4 lime 4 


25 pound to lOO gal- 


pounds, 


I ead 


pounds, and sovbean flour 0 


arsenate 


lons in one cover spray Lime 1.5 pounds, copper 


sulfate O.75 pound, and mineral oil 2 quarts to 10 
gallons plus t pounds lead arsenate in one cover 
spray and plus 3 pounds of lead arsenate in one 

pounds, lime 1.5 
75 pound to 100 gal- 


cover Spray Lead nursenate 
pounds, and copper sulfate 0 
lons in five additional cover sprays 

Nicotine bentonite N cotine sulfate HW) per cent 
nicotine) | pint, bentonite 5 pounds, sovbean oil 


1 quart, and sodium laur sulfate 0.5 ounce to 


100 gallons in four cover sprays The dosage of 


nicotine sulfate nd bentonite was reduced one- 
third in four additional cover sprays 
Phenothiazine Phenot zine 4+ potnds te 100) val 


lons in eight cover sprays 


In determining the surface area of sam- 
ples used in these studies the method out- 
lined by Carter & Newcomer (1933) was 
employed. These authors discuss several 
methods of obtaining the surface area of 
apples and conclude that the error intro- 
duced by the assumption that the apple is 
a sphere of uniform density is not greater 
than 3 per cent. When apples were sub- 
merged in water it was found that they 
displaced 1.2 cubic centimeters per gram 
of weight and that this relationship did 
not vary greatly with variety or during 
the season. The surface area was therefore 
calculated by the following formula: Sur- 
face area = 4.84 {V (weight X 1.2 

Lead arsenate spray deposits were ana- 
lyzed for arsenic by the method of arsenic 
trichloride distillation and bromate titra- 
tion (Jones 1984). In 1936 and 19387 nico- 
tine deposits were ce termined hy strip- 
ping the nicotine residue from the fruit, 
isolating it by steam distillation, and then 
applying the silicotungstic acid method 
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Association of Official Agricultural 
Chemists, 1950). In L988 nicotine deposits 
were analyzed by the photometric meth- 
od, devised hy Markwood (1939). Pheno- 
thiazine residues were determined hy a 
method developed by Murray, of the Bu- 
reau of Entomology and Plant Quaran 


tine, U. S. Department of Agriculture 
unpublished and independently — by 
Eddy & DeEds (1937), which consists of 


stripping the residue from the fruit with 
hot aleohol, treating the solution thus ob- 
tained with bromine, and comparing the 
color developed to colors produced by 
known quantities of phenothiazine. All 
residues are reported Ith milligrams of ar 
seme trioxide, nicotine, or phenothiazine 
per fruit in order that the factor of fruit 
growth may be separated from that of 
weathering. The methods of analvsis used 
in determining arsenic and nicotine resi 
dues are both highly accurate and precise. 
Although the same may be said of the 
method for phenothiazine when applied to 
the analysis of the pure material, the ae 
curacy of the method when applied to the 
analysis of spray residues may be consid 
erably lowered by the behav ior of decom 
position products that exist in the resi 
dues 


Froir GrowtH.—Sines 


fruit develop 


WEATHER AND Deposits or INSECTICIDES 
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ment is a natural function of the tree, it 
was anticipated that weather conditions 
would control the rate of growth of ap- 
ples. Growth studies were made of Grimes 
Golden apples in one orchard for a period 
of 4 years. 

Figure 1 shows the average area of in- 
dividual fruits from petal-fall until har- 
vest. Although four growth curves have 
been plotted, the data could very well 
have been used to establish a composite 
curve. The only difference which could be 
attributed to seasons was that of data of 
petal-fall, which ranged from April 20 in 
1938 to May 6 in 1937. The monthly pre- 


Table 1.—Precipitation records during the 
growing season, 1935-38, Vincennes, Ind. 





PRECIPITATION IN INCHES 


Montu 1935 1936 1937 1938 
May 7.40 99 3.02 5.56 
June 6.32 1.72 +. 48 5.53 
July 2.25 $3.47 86 ©6648 
August 5.19 1.92 2.14 +.68 
September 1-15 74 SI 3.70 2.02 

Total 21.90 8.91 14.20 24.27 

Average Daily 15 06 10 17 





cipitation records for the four growing 
seasons shown in table 1 indicate a wide 
difference in growing conditions. 

Growth records for 1937 of six varieties 
of apples are shown in figure 2. As would 








—_—— VE w TRANSPARENT 
e-——="® GOLDEN DE ‘ 
™--———" GRIMES GOLDEN 
L. ---- 3 NATHAN 
-_—-——-—— WINESAP 
——w TURLEY a 
zu ee 
Pa 
* 
/ ol 
J o 
/ - 
a “ 
(x . a 
j 4, - 
d ‘al 
/ 
7 
? BO iso 
MAE * DAY AFTER Pt TAL FAL L 
Fro. 2. Rate of growth of six varieties of 


apples during 1937, Vincennes, Ind. 








508 JOURNAL OF 


he expected, there is great variation in the 
growth curves of the several varieties. 
Yellow Transparent apples harvested 
early in July showed the rapid 
growth. Turley apples were second and 
attained the largest size. Golden Deli- 
cious, Jonathan, and Grimes followed Tur- 
ley in the order named. Winesap, the 
smallest fruit studied, showed the lowest 
rate of growth. 

From the data presented it is apparent 
that seasonal differences in the rate of 
growth of individual varieties are not 
great. On the other hand, the rate of 
growth of varieties is definitely related to 
the average size of the harvested fruit and 
to the date of maturity. 

In table 2 data are presented to demon- 
strate the effect of fruit growth on spray 
The period from petal- 
fall to harvest approximates 130 days, 
during which time the fruit attains an 
surface area of about 130 square 
centimeters. Thus the average increas« 
approximates 1 square centimeter per 
day. The actual increase as obtained from 
measurements taken at 10-day intervals 

Table 2) ranges from 0.4 square centi- 
meter to 1.2 square centimeters per day. 
The per cent increase in area is greatest 
during the first 10 days of the growing sea- 
son and drops during each succeeding 10- 
day period. 

The reduction in concentration of resi- 
due deposit caused by growth is a fune- 
tion of the fruit and the per 
cent increase Thus when 


most 


residue deposits. 


average 


area of the 
in surface area. 

Table 2.—Increase in surface area of Grimes 
Golden fruit due to growth and its effect on 
residue deposit, Vincennes, Ind. 





AREA OF 

Days One Freer, Repuctio 
AFTER SQuant INCREASE IN Con 
Pera CEeENTI DeKing CENTRATION 
Pau METERS Peniop or Deposit 

0 0.0 

Ww to 

4h) 1O 0 Lo, re ee 
SO 90 oO 0 47.4 

ty) 290 52.6 34.5 
ov $1.0 +14 29 3 
60 52.0 26.8 21.2 

70 64.0 23.1 ISS 

sO) 76.0 18.8 15.8 
0 87.5 15.1 8.2 
100 980 1? 0 10 7 
110 109.0 11.2 1] 
120 119.0 9.2 & 4 
130 128.0 7.6 7.0 
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the area increased from 4 centi- 
meters to 10 square centimeters (150 per 
cent) in 10 days the residue concentration 
was decreased 60 per cent. During the 
early part of the season growth causes the 


square 


greatest reduction in residue concentra- 
PHENOTHIAZINE 
RESIDUE DETERMINE PHENOTHIAZINE 
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weather on lead arsenate. 


Fic. 3. The 


fxed nicotine, 


effect al 
and phenothiazine spray 
1955, 1956, 1937, and 1938 


re sidue de 


posits during 


tion. Burkholder & Lehker (1959 point 
out that the interval between sprayings 
should be shortened during the early part 
of the growing season to compensate for 
the rapid expansion of the fruit surface. 

WEATHERING O} Resipt ES. The ef- 
fect of weather in reducing residue deposit 
has been studied with lead arsenate, fixed 


nicotine, and phenothiazine spray mix- 
tures. The studies with lead arsenate 
covered t years, those with fixed nicotine 


< 


3 Vvears, 
vears. 
The results of 


with 4 


and those phenothiazine 


these studies are 
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sented in figure 3, together with the pre- 
cipitation record. The residue deposits are 
reported in milligrams per fruit to elim- 
inate the factor of loss in concentration 
due to growth. 

In the data for lead arsenate it will be 
noted that there is a consistent tendency 
to accumulate residue load. At no time 
does the residue load drop below that 
from previous sprays, and the residue 
load at harvest is greater than that before 
the last spray application. The harvest 
residue load in 1935, 1936, and 19387 was 
55.6, 51.5, and 57.8 per cent, respectively, 
of the total residue deposited during the 
growing season. In 1938, when mineral oil 
was used in two spray applications, the 
harvest residue load was 76.1 per cent of 
the total residue. 

Little evidence was found to indicate 
that lead arsenate residues are removed 
from the fruit surface by rains. These re- 
sults are in agreement with those of Frear 
& Worthley (1937) and Shaw & Steer 

1939). It is apparent that fruit growth is 
far more important than weathering in 
the reduction of the concentration of resi- 
due deposits from lead arsenate sprays. 

The residue deposits from fixed nicotine 
sprays show somewhat the same tendency 
to accumulate. The residue loss between 
sprays, however, is greater than with lead 
arsenate and in 2 of the 3 years of study 
the harvest residue was less that that on 
the fruit prior to the last spray applica- 
tion. In 1986 only IS days elapsed he- 
tween the final cover spray and harvest 
and the accumulated rainfall amounted to 
0.19 inch. As a result 32.6 per cent of all 
residue deposited during the season was 
retained at harvest. In 1987, 
day s elapsed between the final cover spray 
and harvest and the rainfall amounted to 
3.06 inches, only 8.4 per cent of the total 
1938, when 26 
days elapsed the final 
spray and the rainfall amounted to 1.3 
inches, 19.2 per cent of the total residue 
was retained. 

The data for phenothiazine show the 
extreme in susceptibility of residues to 
weathering. In 1987 there was very little 
indication of residue accumulation, when 
only 7.9 per cent of all residue deposited 
was retained at harvest. In 1938 the eon- 
dition improved somewhat but even then 
only 9.8 per cent of the total residue was 
retained. 


when 33 


residue was retained. In 


between cover 
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It is evident from figure 3 that lead ar- 
senate greater resistance to 
weathering than either fixed nicotine or 
phenothiazine, and that the fixed nicotine 
mixture is more resistant to weathering 
than is phenothiazine. 


possesses 
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from lead arsenate, fixed nicotine, and phenothiazine 
alone and in combination with 
adhesives. 


insecticides used 


In 1937 two spray treatments were 
studied with each of the insecticides. Lead 
arsenate and phenothiazine were used 


alone and with adhesives and two types of 
fixed nicotines were studied. 
The data from these studies are shown 
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in figure 4, with the precipitation record. 

The data for lead arsenate show that a 
definite advantage was gained by the ex- 
tra spray application and by the addition 
of adhesive. If one considers the percent- 
age of the total residue that is retained at 
harvest, there appears to be little need for 
the adhesive because the plot without ad- 
hesive retained 2.7 per cent more of the 
total residue than the plot with adhesive. 
This does not necessarily indicate a fail- 
ure of the adhesive but rather demon- 
strates the excellent adhesive qualities of 
lead arsenate itself. 

The two types of nicotine deposits show 
a very definite relationship to the quanti- 
ty of nicotine contained in the spray mix- 
ture. During the period of the first four 
cover sprays the tank-mix nicotine ben- 
tonite shows a definite advantage over the 
factory-processed material. During the 
latter half of the growing season it loses 
this advantage and both plots have ap- 
proximately the same final residue load at 
harvest. Similarly both plots show prac- 
tically the same percentage of the total 
reisdue deposit retained at harvest. 

The difference between the two pheno- 
thiazine plots is not consistent and it ts 
questionable if any of the differences 
shown are significant. This further dem- 
onstrates the susceptibility of phenothia- 
zine residues to weathering. The adhesive 
added to the phenothiazine caused an in- 
creased percentage of the total residue de- 
posited to be retained at harvest; how- 
ever, in both plots the quantity was less 
than 10 per cent. 
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on in southern Indiana during the period 
1935-38 to determine the effect of fruit 
growth and weathering on spray residue 
deposits on apples. The insecticide studies 
were conducted in a block of Grimes trees 
in 1985 and 1938 and in a block of Jona- 
than trees in 1936 and 1937. Fruit samples 
for chemical analysis were taken from 
three horizontal sections of the trees aec- 
cording to the normal crop distribution on 
the tree. They were taken before and after 
each spray application and at harvest. 
Samples for fruit-growth were 
taken from the same trees used for insee- 
ticide studies and from other trees located 
in the vicinity. They were taken at the 
time of each spray application and were 
selected as for insecticide studies. The in- 


st udies 


secticide treatments consisted of various 
sprays of lead arsenate, fixed nicotine, and 
phenothiazine. 

Growth reeords of Grimes Golden ip- 
ples for + consecutive vears and of several 
varieties of apples for 1 year showed that 
growth rate differed according to variety 
of fruit but only to a slight extent accord- 
ing to seasonal conditions 

Fixed nicotine was found to be less sus- 
ceptible to weathering than phenothia- 
zine, and lead arsenate was the least sus- 
ceptible of the three insecticides. Fruit 
sprayed with lead arsenate retained at 
harvest from 51.5 to 76.1 per cent of the 
total residue deposited during the season. 
Fruit sprayed with fixed nicotine retained 
from &.4 to 32.6 per cent of the total resi- 
due, depending on the interval between 


the final cover spray and harvest and on 
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The manner in which fixed nicotines act 
against newly hatched codling moth lar- 
vae is not precisely known. If the action is 
primarily through the digestive system, as 
some workers believe, it becomes useful to 
know something of the action of fixed and 
free nicotines administered in this way 
against larger insects where doses can be 
measured accurately. 

Not many workers have reported ex 
perimental evidence that nicotine can act 
primarily as a stomach poison. It was 
commonly stated 25 years ago that nico 
tine acted not only as a contact, but also 
as a stomach poison against several lepi- 
dopterous larvae Capus & Fevtaud 

1909), Marchal (1912), Fixmer (1913). 
These workers speak of the efficiency of 
nicotine bordeaux sprays against Clysia 
ambiquella Hh. and Polychrosis hbotrana 
Schiff. Schwartz (1913) killed 
Vane S5a polychloros . bane YSa 10 L. and 
Notolophus antiqua L.) with 0.05 per cent 
solutions, Lymantria dispar L. and NStil- 


larvae of 


with 0.2 per cent solutions 
with 1 per 
solutions were 


notia salicis L. 
and Malacosoma neustria |. 
cent These 
sprayed onto foliage upon which the test 
larvae fed. MeIndoo (1916) fed honey- 
[pis mellifera L.) 1 per cent alka 
loid in honey and killed all insects which 
fed. He attempted to trace the 
through the walls of the honey stomach 
and into the blood and ganglia by means 
of staining Stellwaag (1929 
stated that nicotine might act stom 
ach poison against the vine moth. Yabuta 
& Kozu (1951, 1982) found that mulberry 
leaves growing adjacent to tobacco might 
contain one part nicotine in 100,000 and 
be toxie to silkworm larvae 
L.) 


There are records of still fewer attempts 


solutions. 


bees 


ar ae 


reactions. 


as a 


. ‘ ; 
Bomby rowmori 


W. MippteKkaurr, Cornell University, Ithaca, and 


State ka perime nt Station, Genera, 


to assign a lethal dose to the action of nic- 
otine either as a stomach or a contact poi- 
son. Walker & Miller (1927) estimated, on 
the basis of concentration and volume of 
air used, that 0.00075 mg. of nicotine was 
needed to kill a boll weevil (Anthonomus 
grandis Boh.) by fumigation. If we esti- 
mate the weight of a weevil as 0.04 gm., 
this figure would reduce to .019 mg./gm. 
Campbell (1932) estimated the lethal dose 
for silkworms by injection into the blood 
stream to be .0015 mg./gm .Working with 
(elerio lineata Fab. Hockenyos & Lilly 

1932) did not estimate a dose in terms of 
milligrams per gram, but give data that 
make it possible to estimate this dose as 
hetween .2 and 1.0 mg./gm. of alkaloid 
administered as the sulphate in subcuta- 
neous injection. Glover & Richardson 

1936) found that the bodies of roaches 
Periplaneta americana (1.)) had ab- 
sorbed about 1.2 mg./gm. of nicotine from 
a fumigating vapor at the time of 50 per 
cent mortality. Simanton (1937) found 
the quantity of nicotine per gram of body 
weight necessary to kill Aphis rumicis L., 
Blatella germanica (L.) and Lygaeus kal- 
mit Stal. by contact were respectively, 
O48, 2.15 and 3.2 at the point of 50 per 
cent mortality and .115, 3.2 and 6.8 at the 
point of 80 per cent mortality. The most 
complete data of this type is that of Me- 
indoo (1937) who injected several species 
subcutaneously and reported his data in 
terms of number of milligrams of insect 
killed by one milligram of nicotine. Con- 
verted to milligrams of nicotine per gram 
of insect his figures are as follows: Lucilia 
sericata (Meig.) males, 0.37; females, 0.65 
to 0.89; Calliphora erythrocephala (Meig.) 
males, 1.08; females, 1.09; Codling moth 
larvae, 0.85; silkworm larvae, 1.44; south- 
ern armyworm larvae, 1.98; Phormia re- 





wl 


gina (Meig.) larvae, 3.31. It is to be no- 
ticed that the dose for the silkworm is 960 
times that estimated by Campbell. 

Marertats aNnD Me&tuops.—Samples 
of nicotine and its compounds were ob- 
tained from various outside sources and 
their analyses for alkaloid checked by Dr. 
Norton, or they were prepared directly by 
him. The compounds used in this investi- 
gation are described below. 

Nicotine alkaloid. This material 
purified from a commercial 95 per cent 
grade. According to the method of Ratz 
(1905), the nicotine was dissolved in al- 
cohol and crystallized with zine chloride. 
It was then separated from an aqueous 
solution with KOH and dehydrated with 
solid KOH. After distillation at 17 mm. 
pressure it was stored under nitrogen ina 
glass-stoppered bottle in the dark. This 
alkaloid is water-white and has a specific 
optical rotation of — 168.90 degrees which 
indicates practically 100 per cent purity. 

Nicotine caseinate was supplied by Col- 
loidal Products Corporation of San Fran- 
cisco. By analysis it was found to contain 
20.64 per cent nicotine. 

Nicotine peat. Doctor L. N. Markwood 
of the Division of Insecticide Investiga- 
tion, Bureau of Entomology and Plant 
Quarantine furnished this material com- 
pounded with New Jersey peat. It con- 
tained 10.05 per cent of nicotine. 

Nicotine stannous chloride (double salt). 
Prepared by Dr. Norton by the addition 
of SnCl> solution to concentrated nicotine 
containing an excess of HCI]. It contained 
25.13 per cent of nicotine. This crystalline 
salt probably exists only in the solid form. 
It, however, is the least soluble of a SCTIes 
of double salts prepared for these and 
other tests. 

Nicotine Reineckate. Reinecke salt 
prepared from ammonium thiocyanate 
and ammonium dichromate according to 
the method of Dakin (1935). The nico- 
tine compound, which is insoluble, was 
precipitated from solution with either the 
alkaloid or the sulfate. [It contains 31.75 
per cent of nicotine. 

Nicotine silicotungstate. This material 
also was prepared by Dr. Norton by the 
addition of 10 per cent silicotungstic acid 
to a solution of nicotine acidified with 


was 


was 


HCl. The washed and dried precipitate 

contained 10.12 per cent of nicotine. 
Nicotine Aresket was furnished by Mon- 

santo Chemical Company. It is apparent- 


12 JOURNAL OF EconomMi 





ENTOMOL! my 


Vol. DSi No. b 


ly a compound of nicotine with an alkyl- 
phenylbenzene sulfonic acid. Contains 
21.48 per cent of nicotine. 

Nicotine 2-4 dinitro-6-cycloheryl phenate 
was furnished by the Dow Chemical Com- 
pany and was found to contain 37.86 per 
cent of nicotine. 

Methods of administering doses varied 
according to the insect used and the phys- 
ical properties of the insecticide. Two 
modifications of the “sandwich method” 
of Campbell & Filmer (1929 
With powdered materials, leaf dises of the 
food plant were dusted in a bell-iar, the 
amount deposited being estimated from 
the gain in weight of a paper of ten times 
the area of a leaf dise. Over these dusted 
dises another dise lighily coated with 
starch paste was fitted. With liquid in- 
secticides, a starch mixture of 
known concentration of nicotine 
measured directly onto the leaf dise from 


were used, 


paste 
Was 


a micro-syringe as described for use in the 
injection experiments. This drop of paste- 
nicotine was spread as evenly as possible 
over the surface of the dise with a second 
dise which became the other half of the 
sandwich. Areas eaten were measured un- 
der a binocular microscope by counting 
millimeter squares exposed when the par- 
tially eaten sandwich was placed on a cir- 
cle the exact size of the sandwich drawn 
on millimeter-ruled paper. 

A micro-syringe for injection was built 
by clamping a micrometer head capable of 
measuring one inch in thousandths so that 
the pin pushed the plunger of a Becton, 
Dickinson and Company 0.25 ce. Yale 
tuberculin syringe No.) LT. The needles 
were of finely drawn glass tubing. These 
were cemented to Becton, Diekinson and 
Company Yale hypodermic needles No. 
LNR, } inch, 27 gauge. Particularly with 
the hypodermic injections of smaller lar- 
vae the glass needles, of approximately 
0.004 inch outside diameter, gave little 
trouble from blood loss, whereas the 27 
gauge steel needles of 0.016 inch outside 
diameter did cause considerable loss of 
blood. With the exception of the vlass 
needle, the apparatus was similar to that 
used by Trevan (1922). The syringe as- 
sembly was clamped rigidly in place with 
the needle under a binocular 
microscope and the insect moved onto the 
needle by hand. The latter was calibrated 
and found to deliver 0.000194 ce. of liquid 
for every 0.001 inch movement of the 


fc cussed 
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plunger. Gut injections were made 
through the mouth into the pharynx and 
blood injections into the left front proleg 
with the needle directed cephalad. 
SANDWICH Tests.—Table 1 
summary of the data on toxicity of nico 
tine compounds fed to various insects In 
leaf sandwiches. It is felt that with the 
double leaf sandwiches the materials have 
little opportunity to act as contact insec- 
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Although check insects were fed sand- 
wiches containing only starch paste, par- 
alleling these tests, they are not listed in 
the table because of the complete lack of 
mortality. 

Susceptibility or resistance to poisoning 
by nicotine administered through the di- 
gestive system seems to be more closely 
related to the species of insect than to the 
chemical or physical properties of the in- 


Table 1.—Toxicity of nicotine fed in leaf sandwiches. 
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ticides except through the gut wall. It wall 
he noted that compounds of several types 
were used. They may be roughly grouped 
into insoluble compounds such as the sili 
cotungstate, Reimeckate, and peat, com- 
pounds in which the material combined 
with nicotine might be expected to be 
toxic (Reineckate and 2. 4 dinitro-6 cyclo 
hexylphenate), soluble compounds with 
wetting or spreading properties fresket 
and caseinate) and soluble compounds 


with none of the above properties (nico 
tine alkaloid and the stannous chloride 
double salt 





secticide. Naturally this applies mainly to 
laboratory work where weathering of 
spray deposits and compatibility with 
other substances is not a problem. The 
silkworm is about equally susceptible to 
soluble and insoluble materials, the medi- 
an lethal dose of the alkaloid being about 
0.01 mg./gm. whether pure or as the sili- 
cotungstate or Reineckate. Other insects 
tested were, with few exceptions, able to 
survive any dose it was possible to feed 
them. 

One of the most interesting features of 
the investigation was the unique high 
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toxicity of nicotine Reineckate to adult 
Colorado potato beetles. Not only was the 
median lethal dose low (estimated to be 
0.004 mg./gm. on the basis of alkaloid) 
but the speed of action was surprising. 
Death generally occurred in two to six 
hours but the mortal effect of the poison 


was apparent within 15 minutes after 
feeding. 
As discussed below, several insects 


showed reluctance to eat the nicotine 
sandwiches but fed freely on check sand- 
wiches containing only paste. The im- 
ported cabbage worm and the tomato and 
tobacco worms, however, fed freely on 
nicotine alkaloid sandwiches, eating in 
some cases quantities of nicotine equal to 
100 times the median lethal dose of lead 
arsenate. In no case with these three spe- 
cles was there any apparent physiological 
reaction to the poison. With the Reinecke 
salt against the tobacco worm there was 
considerable mortality, although the doses 
fed were much larger than those with the 
Colorado potato beetle adults. The im- 
ported cabbage worm ate doses of the 
Reineckate 10 times as large as the maxi- 
mum non-lethal dose for the 
worm without being affected. 

There is some evidence that third in- 
star Datana integerrima larvae were more 
susceptible than fifth instar larvae 

With several insects nicotine was def- 
initely repellent. These 
cerasivorana, and Halisidota caryae. Two 
other larvae, Euchaetias egle (Drury) and 
Nymphalis antiopa L. were repelled to 
the extent that it was impossible to feed 
them measurable doses. 

In another experiment an attempt was 
made to feed adult Rhagoletis cingulata 
Loew) and Rhagoletis fausta O. Ss. 
solutions containing 0.0156 to 10.0 milli- 
grams of nicotine per gram of 10 per cent 
honey in water. Neither species would 
feed beyond an exploratory sip, although 
all test flies fed freely on similar honey so- 
lutions immediately after refusing those 
containing nicotine. 

Small doses, in the above table, repre 
sent either repellence ora susceptibility to 
the insecticide which caused sickness be- 


tobacco 


were (Cacoecia 


with 


fore a large dose was eaten. There was am- 
ple evidence that this was the case with 
C'acoecia. For instance in one test begun 
with 50 insects only 9 had eaten measura- 
ble doses in an hour, while 22 more had 
begun to feed and stopped after eating 


Kconomi 


lol > 
OL, ded, 


ENTOMOLOGY 
less than 2 square millimeters of sand- 
wich. Eighteen hours later 20 insects had 
eaten measurable doses, but 20 had eaten 
small to Although 
none of these larvae were killed with nieo- 
tine or any of its compounds they reacted 
more violently to the poison than any oth- 
er species of insect tested, including the 
silkworm, which proved to be highly sus- 
ceptible. Within 5 minutes of initiation 
of feeding the larvae showed signs of dis- 
tress. The first stage was one of hypersen- 
sitivity and violent jerky movements, 
This was succeeded after  min- 
utes by a l to 4 hour period of tetanus 
with the body bent sharply backward. 
During this period excessive regurgita- 
tion occurred so that eventually the body 
seemed to have shrunk to half-size. De- 
pending on the size of the dose taken, 
the next period lasted from a few hours 
to 3 days. This was a marked state of 
relaxation causing the appear 
dead. When probed, however, the insect 
responded suddenly and violently. In 
every test symptoms appeared, 
whether with the alkaloid or with com- 
pounds; high mortality 
pected, but complete recovery and a re- 
sumption of feeding invariably occurred. 

This seems to be a clear-cut example of 
the paradoxical situation described by 
Dodonov 19386 Voskresenskava 

1936) where insects resistant ; 
Nygmia Don., Lymantria 
dispar L. and Euroa segetum Schitf.) were 
resistant only because of their extreme 
susceptibility which caused them to re- 
gurgitate and stop feeding before a lethal 
dose was ingested. 

INJECTION Tests. In order to check 
the surprising lack of toxicity of micotine 
to some of these insects, 
where the alkaloid was injected directly 
into the pharynx and the blood in meas- 
ured volumes of solutions of known con- 
centration. Although, in general, a uni- 
form lack of toxicity was demonstrated in 
these tests, except with the silkworm, the 
difference in the two techniques should be 
emphasized. With leaf sandwiches the 
feeding period may last from a few min- 
utes to several hours. Kspecially with the 
higher doses, W here the insects feed for at 
least an hour, the dose arrives in the di- 
gestive tract in infinitesimal inerements 
over a comparatively long period. Micro- 
chemical work on the distribution of nico- 


doses too measure. 


about 


insect to 


these 


was always ex- 


and 
to arsenic 
pha orrhoe a 


tests were made 
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Table 2.—Toxicity of nicctine alkaloid injected into pharynx and blood. 
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INSECT MEAN CONCENTRATION 
fru AND OTH No Wericnt or NICOTINE Dost INJECTED 
InsTaR Larvat INSECTS (ims Per CEN1 Ma./Gm. Into Morvaciry 
Protoparce r 6.19 95.4 10.0 Pharynx 86 
quinquema ilata Ss 7.42 10.0 5.0 Pharynx 100 
Shaw 5 10.51 10.0 3.5 Pharynx 100 
14 9.21 10.0 2.0 Pharynx 29 
4 8 80 10.0 1.0 Pharynx 60 
10 9.32 Distilled water check Pharynx 0 
) 7.24 10.0 225 Blood 60 
) 7.53 10.0 0.5 Blood 0 
5 10.98 10.0 0.1 Blood 0 
3 6.79 Distilled water check Blood 0 
{ | 14 16] 10.0 5.0 Blood 100 
TD 160 10.0 2 0 Blood 80 
iv 141 10.0 1.0 Blood 30 
( 165 Distilled water check Blood 0 
Hyphantria cunea t 125 1.0 2.5 Pharynx 0 
Drurs t 100 1.0 1.0 Pharynx 0 
} Is2 1.0 0.1 Pharynx 0 
t O70 1.0 2.5 Blood 0 
} O70 1.0 1.0 Blood 0 
} 20 1.0 0.1 Blood 0 
Carpocapsa 1) O42 1.0 1.0 Pharynx 0 
pomonella I 9 O45 1.0 0.1 Pharynx 0 
} O68 Distilled water check Pharynx 0 
Te 590 | 0040 Pharynx 100 
10 596 | W025 Pharynx 80 
10 336 1 020 Pharynx 1) 
TD 421 1 0015 Pharynx 30 
tL Th | 0040 Blood 100 
i +] l O025 Blood 70 
TD L1G | OOLS Blood 30 
Bo | ) 250) v1 0025 Pharynx 20 
5] Ol O20 Pharynx 20 
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4 5] Ol O005 Pharynx 0 
5 t1Y Ol 0025 Blood 80 
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tine in the insect body, which will be 


published later, indicates that the dissem 
ination of nicotine in the body is extreme- 
ly rapid. This means that at 
during dosage will there be any marked 
concentration of alkaloid built up in any 
one locality. This is, of course, quite dif- 


no 


ferent from the situation obtaining where 


the full dose is injected almost instantane- 


ously into the foregut or into the blood of 


the insects. Table 2 gives the data from 


this phase of the investigation. 


It is obvious that little reliance can be 


time 


placed on these injection data individu- 
ally, because of the small number of ob- 
servations. The data, a whole, 
indicate quite definitely that injected nic- 
otine, like ingested nicotine, has several 
hundred times the toxicity to silkworms 
that it has to the other insects used. The 
silkworm data are closely in accord with 
Campbell's 1932) estimate of 0.0015 for 
a median lethal dose. 

From the data in tables 1 and 2 it seems 


as do 
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that there is no highly significant differ- 
ence in the toxicity of nicotine whether it 
is administered in leaf sandwiches, in- 
jected into the pharynx, or directly into 
the blood. This statement applies only 
very broadly, since there is some evidence 
that silkworms, imported cabbage worms 
and tobacco worms are killed more readily 
by injected nicotine than by that fed in 
sandwiches. The moderate toxicity of nic- 
otine to imported cabbage worms and to 
tobacco worms seemed to have been due 
to the concentrated solutions used (10 per 
cent nicotine). The area where it was in- 
jected turned brown immediately and was 
apparently killed whereas the remainder 
of the insect Was normal in color and Con- 
tinued to respond to stimuli for several 
hours. No discoloration of tissue was ob- 
served with 1 per cent concentration 
Another general conclusion that 
some pronounced difference exists in the 


Wis 


physiology of such resistant insects as the 
cabbage worm and the tobacco worm, and 
the highly susceptible silkworm. The de 
gree of resistance shown by codling moth 
larvae which had developed almost to ma 
turity in apples was surprising in view of 
the generally supposed susceptibility of 
newly hatched larvae. Swingle (1935) ob- 
served such a difference in susceptibility 
hetween newly hatched and more mature 
larvae of several species of Lepidoptera to 
fixed nicotine. 
SUMMARY. Nicotine 
in measured doses in two ways: by feeding 


was administered 


leaf sandwichescontaining known amounts 
of nicotine and measuring the areas eaten, 
and by injection of the micotine dire tly 
into the blood or gut w ith a miero syringe 
Larvae which were not susceptible to mie 


|" > 
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Hyphantria cunea (Drury 
margaritosa saucia Hbn., 
Harr., Estigmene acraea 


Lycophotia 
Mamestra picta 
Drury), Halisi- 
Harr.), ¢ arpoca psa pomonella 
Protoparce sexta (Johan.), Protoparce 


dota cearyae 
Boss 
quingue maculata Haw. 7 acoecta et rasi- 
Kitch), .tsera rapae (L.), Datana 
integerrima G. & R. and larvae and adults 
of Le ptinotarsa decemlineata Say Con- 
trasted to these resistant species which 
survived doses ranging from 0.04 to 9.8 
milligrams nicotine per gram of body 
weight, Bombyx mort L. larvae survived 
no dosesof nicotine above 0.0.017 mg. 


rorana 


ym. 
\ compound of Reinecke’s salt) with 
nicotine was highly toxic to adults of the 
Colorado potato beetle and to larvae of 
the silkworm, moderately toxic to larvae 
of the tobaceo worm, but not appreciably 
toxic to larvae of imported cabbage worm, 
hickory tussock moth, ughy-nest caterpil- 
lar, walnut caterpillar or to larvae of the 
Colorado potato beetle 
Euchaetias egle (Drury 
tropa LL... Cacoecia cerasirorana (Fiteh) and 
Halisidota cCarude Harr were repelled by 
nicotine in both soluble and insoluble 
forms. The first two species would not eat 


\ ym phali ¥ dnN- 


measurable doses, the ugly nest caterpil- 
lar ate small amounts which, although 
thes affected the larvac rapidly, were re- 
gurgitated before death oceurre d, and the 
hickory tussock moth larvae were not af- 
fected visibly by the small doses taken. 
There seemed no highly significant dif- 
ference in toxicity the 
insoluble forms micotine 


between soluble 
and of or he- 
hetween ingested and injeeted nicotine. 
Third instar larvae of the walnut cater- 
pillar were moderate ly STISCE ptible to nico- 
tine poisoning, Whereas fifth instar larvae 


otine were Malacosoma americana I. > of the samme species were nel 1-6-40 
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Introduction of Selenium into Plant Tissues as a Toxiecant 
for Insects and Mites 


(Ro Nemwanper and V. 


with the development. of 
production the 
toxicant 


Coincident 
water culture in’ plant 
question has arisen whether a 
might be added to the nutrient solution as 
a means of control for phytophagous mites 
and insects. 

Hurd-Karrer & Poos (1986 
that an aphid, Rhopalosiphum prunifoliae 
Fiteh ° and read spider, Tetranuchus telar 
ius (L 
mitted to 
plants that were grown in a medium con 


have shown 


), died within a few days when per- 
feed on 2-month-old) wheat 
taining concentrations of selenium greater 
than 3 p.pom. 

Mason & Phillis (1987), in 
inary investigation, obtained some evi 
dence of selenium effectiveness against 
the cotton stainer and the pink bollworm 


a prelim 


on growing cotton. 
On the other hand, Trelease & Trelease 
1937) found that a species of bruchid, 
Aeanthoscelides fraterculus (Horn), and a 
seed chaleid, Bruchophagus sp., completed 
their life eyeles in air-dry seeds of Astra- 


galus bisuleatus (A. Gray) which con- 


tained 1.360 p.p.m. of selenium. 

Morris & Sayre of the Ohio Agricultural 
Experiment Station ina study of the phys 
lology of 


difficulty 


in rearing experimental corn 


growing corn constant 


Morris, Ohio Agricultural I rperiment Station 


plants to maturity in nutrient solutions in 
the greenhouse because of red spider in- 
jury. In the spring of 1987 they intro- 
duced selenium into the solutions as a cor- 
rective measure. The results were so 
gratifying that these investigators were 
soon using selenium regularly. A report of 
this work under the title “Toxicity of 
Selenium-containing Plants to Red Spider 
as a Means of Control” by Morris, Neis- 
wander, and Sayre is being presented be- 
fore the Section of Physiology at the 
present meeting of the American Associa- 
tion for the Advancement of Science. 

During the fall of 19387 a more compre- 
hensive selenium project was inaugurated 
at the Ohio Agricultural Experiment Sta- 
tion. The project was not confined to 
plants grown in solutions but was made to 
include those vrown in soils as well. 

The objectives were to determine the 
effect of selenium accumulations in plant 
infestations of mites and in- 
sects, the relative accumulations of 
selenium in the tissues of plants supplied 
with different levels of the material in nu- 
trient solutions and in soils to be used as a 
supplementary criterion for evaluating 
pest response and the effect on plants of 
selenium accumulations in their tissues. 


tissues on 








518 JOURNAL OF 

Metuops anp Mareriauts.—The nu- 
trient solutions employed in these experi- 
ments had the following composition ex- 
molecular concentrations: 
KH.PO,, 0.00538: KNO, 0.00798: Ca 
NOs)o, 0.01086; MgsO,, 0.00274; and 
NH,).S80,, 0.00142. Tron, boron, manga- 
nese, and zine were added as traces. The 
initial pH of the nutrient solution was ad- 
justed with normal H.SO, to approxi- 
mately 5.5. In these solutions the concen 
trations of selenium, which was added as 
sodium selenate, varied from 0 to 2) parts 
per million. In handling nutrient solutions 
containing selenium, rubber gloves were 


pressed as 


worn as a precaution against injury to the 
operator 

The plants were grown in 9-inch clay 
flowerpots filled with a mixture of one 
part fine sand and two parts 3) 16-inch 
gravel. The sand and vravel were essen 
tially pure silica. To facilitate drainage, a 
coarse gravel was used in the bottoms of 
the pots. The nutrient solution was sup 
plied from mason jars by capillary glass 
tubing at the rate of 1 quart per day un 
less otherwise stated. 

In some experiments 30 plants were 
used with 5 treatments and 6 replications, 
whereas in others there 36 plants 
with 6 treatments and 6 replications. The 
experiments were arranged in blocks with 
the treatments distributed at random 
within the blocks. 

In the one experiment in which soil cul 
tures were used the selenium was mixed 
with the immediately before the 
plants were set. The selenium levels em 
ploved varied from 0 to 10 parts per mil- 
lion and were calculated on the basis of 


were 


soil 


soil containing 20 per cent moisture. Se- 
lenium was added to the soil in the water 
used to bring the soil from the air-dry con- 
dition to 20 per cent moisture. Subsequent 
treatments consisted only of watering 
lightly as needed 

In both the soil and the water culture 
experiments all plants except roses were 
started in sand or compost. When several 
inches high, uniform individuals were se- 
lected for experimental purposes. In the 
case of roses, field-grown dormant plants 
of the variety Talisman were used. In or- 
der to secure uniform infestations of mites 
or insects all plants were artificially in- 
fested. This was done as soon as the plants 
had recovered from the shock of trans 
planting. 
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For the purpose of indicating the type 
of data taken, the values for all replicates 
are given for the first experiment. In the 
remainder of the experiments mean values 
only are presented. Statistical differences 
were determined by analysis of variance, 
and differences in means were considered 
significant at odds of 19 to 1. 


Table 1.—Red spider population on tomato 
plants. January 4, 1938. 








N I M Pwo Leaves 
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! Ki I Re ft R M 
‘ ; t s ite be , 
=~ pp | “) “) TD ri 7 
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—~ ! ppt ” ( I 
"A chill ' 
Rep Spiver T Gr 
1ED APIDER ON OMATO rROWN IN 


NUTRIENT SoLetTion.— This experiment 
was started November 10, 1937, when the 
plants were about 10 inches high. Three 
days later approximately equal numbers 
of the Common red spider, Tetranychus 
telarius (L.), were placed on each plant. 
On December 2, thre c We eks afte r infesta- 
tion, a population record was made by 
counting all mites on two sample leaves 
taken at random from each plant. [It was 
found at that time that a high population 
of red spiders occurred on the plants in all 
treatments with only a slight diminution 
on the plants which had received the high- 
est amount of selenium Subseque nt ree- 
ords and observations indicated that foli- 
age which had developed before selenium 
was supplied to the plant did not contain 
as much selenium as did new tissue. All 
later population records were taken from 
leaves that had formed after the selenium- 
containing solutions were supplied to the 
plants. 

Population records were taken again on 
January 4 and on January 21. The results 
from the two were practically 
identical. The January 4 record is shown 
in table 1. 

It may be noted that as compared with 
the checks, the red spider population was 
reduced approximately 70 per cent on 
plants that received one-half p.p.m. of se- 
lenium; 96 per cent where | p.p.m. was 
used; and practically 100 per cent on the 


counts 


remainder of the series. These records are 
particularly significant because the plants 
of the several treatments were so close to- 
gether that their leaves intermingled. 
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Growth records were taken throughout 
the season by measuring the height of all 
plants. It was found that the plants grow- 
ing in the solution containing the highest 
rate of selenium were retarded in develop- 
ment as a result of selenium toxicity, 
whereas the check plants were retarded 
from red spider injury. 

When the experiment was discontinued 
two lots of foliage consisting of three 
plants each were selected at random from 
each treatment for analysis. The results 
are given in table 2. 

This table shows that as the concen- 
tration of selenium in the nutrient solu- 
tion was Increased there was a correspond- 
ing increase in the selenium content of the 
foliage. The authors are unable to explain 
the high selenium content in lot 1 of the 


Table 2.—Selenium concentration”* in tomato 
foliage. Experiment 1. 








SeLeNiom (PLPLM 
Pee ATMENTS 

Lot | Lot 2 Mean 
Check 0 839 
Selenium , p.pm Ot 7 7 
Selenium | p.p.m 10 liz 12] 
Selenium 1} p.p.m 17s 152 165 
Selenium 2 p.p.m Ist 208 196 

* The s ; Messrs. We 

Lawson S > inka’ an 


control treatment. It is unfortunate that 
lot 2 of this treatment was lost. 

SECOND EXPERIMENT witu Rep Spt- 
pER.— The results of the first experiment 
were so striking that a repetition of the 
work advisable. \ccordingly, a 
second series of tomato plants was started 
in sand cultures on February 5, 1938. The 


seemed 


main difference between the two experi- 
ments was that the first crop was grown 
in midwinter and the second in the spring. 
The plants were treated in the same man- 
ner as in the preceding experiment except 
that as the plants approached maturity 
2 quarts of solution were supplied to each 
plant daily instead of 1. 

The mean data accumulated through 
the course of the experiment are shown 
in table 3. 

The red spider population shown in 
table 3 was taken on June 24. It may be 
observed that there was a sharp decrease 


in population as the selenium content of 
the foliage increased. The plants grown 
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Plants of second tomato experiment that 
were grown in a solution to which no selenium was 
added. Serious red spider injury. 


hic. 1 


in a solution containing as little as 1 p.p.m. 
of selenium were practically free of red 
spiders. 

A slight toxicity to the plants grown 
in the solution with the highest selenium 
content was indicated by periodic growth 
measurements and also by the reduction 
in yield shown in table 3. A photograph 
of the check plants is shown in figure 
1. It may be noted that much of the 
foliage is dead from red spider injury. 
The plants that were grown in a solution 
containing 2 p.p.m. of selenium are shown 
in figure 2. The abundance of luxuriant 
foliage, particularly on the lower part of 
the plants, should be noted. 


Table 3.—Red spider population, selenium 
concentration in foliage, and yield of fruit from 
spring crop of tomatoes, 1938. 





Rep Spi SELI YIELD 
pER Pop- NituM IN OF 
ULATION Foutact Fro 


Mean of Meanof Mean of 





6 Repli- 2 Repli- 6 Repli- 
PREATMENTS cates” cates cates 
Check 88 tp.p.m. 76 
Selenium 34 p.p.m. 18 87 80 
Selenium 1 p.p.m 1 98 75 
Selenium 1} p.p.m 0 121 77 
Selenium 2— p.p.m 0 191 64 
* A difference in means of 26.1 required for significance 
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Plants of second tomato experiment that 


Fig. 2 
were grown in a solution that contained 2p p.m. of 


selenium No red spider mijyury 
Rep SPIDER ON STOCKS GROWN IN 
NUTRIENT Sovution.— An experiment 


with stock was started on February 10, 
1938. Early in the course of the experi 
ment the red spider infestation deve loped 
rapidly on all plants and seemed to be 
fairly uniform on all treatments. After 6 
weeks, however, differences could he dis- 
cerned by casual observation. A popula- 
tion record taken on \pril 20 and the 
selenium content of the plants taken at 
the close of the experiment are shown in 
table 4. 

Table 4.—Red spider population and selenium 


concentration in foliage. Experiment with stocks, 
1938. 





Rep SpPIpEI SELENIUM 
PorpuLATION IN Fours 


Mean of 6 Mean of 2 
Replicates 


TREATMENTS Replicates’ 





pr.p.tn 
Check 41 | 
Selenium } p.p.m 2 >| 
Selenium | p.p.m 51 + 
Selenium 1} p.p.m 33 
Selenium 2) p.p.m 255 Ob 
* \ difference in means 0) require 


The highest selenium level used in this 
experiment did not result) in complete 
elimination of the red spider infestation 
although the population was reduced 98 
per cent from that on the cheek plants. 
Chemical however, 
that the 


analyses showed, 


selenium concentration in the 
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foliage of stock was only about half as 
high as that in’ tomato from 
corresponding treatments 

Rep Spiper oN Roses Grown yp 
NUTRIENT SOLUTION.—On November 18, 
1938, an experiment was started on roses, 
The mites used for infestation purposes 
in this, as well as all other experiments 
reported here, were reared on potted bean 
and tomato plants grown in the entomol- 
o“rV hac not 
grown in this greenhouse for a number of 
vears. This may be an important consider- 
ation, since it) has been reported by 
Compton & WKearns 1937) that red 
spiders are harder to kill with insecticides 


foliage 


greenhouse. Roses been 


on roses than on other plants. 

Red spider injury 
apparent soon after the mites were placed 
on the plants. Within a short time de- 
fohlation oceurred on the check plants and 
on those which were grown in the weaker 
a result, 


to the foliage was 


concentrations of selenium. As 
the mite populations on such plants were 
practically eliminated. When new foliage 
appeared it was some time before a de- 
structive red spider population developed. 
It seemed, therefore, that population 
counts would not give a true interpreta- 
tion of the effectiveness of the different 
treatments: hence they were not made. 
On February 6, 1989, a little less than 
$ months after the experiment was 
started, the plants of the different treat- 
ments were photographed. In figure 3 are 
shown the plants grown in a solution con- 
taining one-half p.p.m. of selenium. 
Much of the fohage from these plants 
may be seen lying on the pots. The re- 
maining leaves were gray in color as a 
result of red spider injury. In figure 4 the 
plants that received 25> p.p.m. of 
nium are shown. The foliage of the plants 


sele- 


in this group had a luxuriant green color 
and no leaves had been lost. In figure 5 one 
representative plant from each treatment 
is shown. It may be noted that there was 
a direct correlation between plant growth 
and the amount of selenium in the solu- 
tion in which the plants were grown. 
During the course of the experiment an 
individual production record Was kept 
for each plant. The mean yield of flowers 
for the 
given in 


and the mean selenium content 
plants of each treatment are 
table 5. 

In table 5 it is shown that there was a 


direct correlation between the number of 
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j ! 
} 
Fic. 3. Rose plants that received } p.p.m. of selenium. Serious red spider injury. 
Fic. 4. Rose plants that received 2 p.p.m. of selenium. No red spider injury. 
| 
| 
Rig. 5 \ representative rose plant from each treatment. From left to right the plants received 0), 


>, 1, 13, 2, and 25 p.p.m. of selenium respectively 
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flowers produced and the concentration 
of selenium in the foliage. The amount of 
selenium stored in the foliage of roses, 
however, much than that in 
tomatoes or stocks. 

Late in the spring a severe infestation 
of red spiders developed on the plants 
which had received the higher levels of 
selenium. The authors are unable to ex- 
plain this change in behavior other than 
to suggest that the selenium concentra- 
tion in the foliage may have decreased 
as the plants became older (Hurd-Karrer 
1936) or that the later generations of 
mites may have resistant to 


was less 


become 


Table 5.—Flower yield and selenium concen- 
tration in foliage. Rose experiment, 1939. 





FLOWERS SELENIUM IN 
Propucep Fouact 
Mean of 6 
Replic ates” 


Mean of 6 


PREATMENTS Replicates 





Check 1.8 0 p.p.m 
Selenium 4 p.p.m 2.8 S 
Selenium 1 p.p.m 6.7 IS 
Selenium 14 p.p.m 9.2 245 
Selenium 2. p.p.m 10.8 35 
Selenium 2} p.p.m 10.8 15 

* A difference in means of 3.6 required for signif 


selenium at the concentrations that were 
present. Inasmuch as none of the plants 
showed any ey idence of selenium toxn itv, 
it is possible that a higher selenium con- 
centration could have established 
within the tissues of the plants without 
injury and might have served as a pro- 
tection to the crop throughout the pro 
ductive season. 

Rep SpIpER ON CARNATIONS GROWN 
IN NUTRIENT rion.— During the 
winter of 1988-1989 an experiment Was 
conducted with red spider on carnations 
of the variety Delroy. Throughout the 
period of this experiment a general and 
severe infestation of red spider Was pres- 
ent on the plants of all treatments. On 
April 14a population count was made on 
four leaves taken at random from near 
the top of each plant. No difference was 
found other than the usual random varia- 
tion. The analysis of the foliage for 
selenium concentration showed a maxi- 


been 


SOLI 


mum of 17.6 p.p.m. It may be assumed, 
therefore, that the failure to control red 
spider in this experiment was due to an 


KcCONOMI 
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Table 6.—Red spider population and selenium 
concentration in foliage. Carnations grown in 
selenized soil. 





Rep Sprper SELENIUM 


PoruLatTion IN Foutage 

Mean of 5 Mean of 2 

PRE ATMENTS Replicates* Replicates 

Check 70 6 p.p.m 
Selenium 2 p.p.m i 3 
Selenium 4 p.p.m AL 28 
Selenium 6 p.p.m ) 69 
Selenium 8 p.p.m | 75 
Selenium 10 p.p.m () lhe 





amount of selenium in the 
when it is. recalled 
selenium content in 


insufficient 
foliage, particularly 
that the maximum 
the foliage of rose, stock, and tomato was 
15. 96. and 194 parts per million respec- 
tively. 

Rep Speiper ON Carnations Grown 
IN SELENIZED Soiw.— Concurrently with 
the experiment on the 
variety Delroy grown in nutrient solution, 
another experiment was conducted with 
carnations of the variety Spicy White 


carnations of 


grown in selenized soil. The levels of 
selenium established in the soil were 


0,2, 4, 6,8, and 10 parts per million. The 
plants were set November 23, 1938. Each 
treatment Was replicated six times, but 
during the winter one plant of each of 
three treatments died from causes that 
did not apply to the As a 
consequence the sixth replicate of the 
other three treatments was dropped. 

In no instance was toxicity to the plant 


experiment. 


observed from the levels of selenium used 
in this experiment. The only distinguish- 
able difference between plants was the 
light color that occurred on the untreated 
check plants as a result of red spider in- 
jury. 

On April 11, 1939, a red spider popula- 
tion record was obtained by examining 
four leaves from each plant and counting 
the live mites. The mean population 
values and the concentration of selenium 
in the foliage are given in table 6. 

It is interesting to observe from this 
table that with 2 p.p.m. of selenium in 
the soil at the start of the experiment the 
red spider population on the foliage was 
reduced more than 50 per cent from that 
on the checks. With the selenium level 
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at 4 p.p.m. the population was reduced 
85 per cent, and in all three treatments in 
which the selenium content in the soil 


was more than 4 p.p.m. the red spider 


infestation was practically eliminated. 
The plants of these three treatments had 


a mean selenium content in the foliage 
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of the experiment indicated no significant 
differences other than those produced by 
aphid injury on the lower selenium levels. 

Aphid population counts were made on 
May 16, 1938. The mean populations and 
the selenium concentrations in the foliage 


~ 


are shown in table 7. 





Check chrys: 


nthemum plants. No selenium. Two plants are dead from aphid injury 


and others are severely injured 


of 69, 75, and 115 parts per million re 
spectively. 

Brack CHRYSANTHEMUM APHID ON 
CHRYSANTHEMUMS GROWN IN NUTRIENT 
SoLUTIONS.— During the winter of 1937 
1938 a single experiment was conducted 
the effeet of selenium = in 
plant tissues on populations of the black 
chrysanthemum aphid, Macrosiphoniella 
Gillette). Chrysanthemum 
plants were transferred to solutions con 
taining various levels of selenium 
December 10, 1937. A few days later an 
aphid infestation was established on all 
plants in the series. 


tO ascertain 


sanborni 


Throughout the early part of the win- 
ter, aphids were abundant on all plants, 
and for a time it appeared that there was 
little difference in aphid population. Later 
in the however, marked differ- 
ences appeared. Growth records taken 
near the start and again near the close 


scuson, 


The low significance for differences in 
means for the aphid populations given in 
table 7 undoubtedly resulted from a wide 
variation in values for the different repli- 
cates in the check treatment. This varia- 
tion was at least partly due to the aban- 
donment by aphids of some of the more 


Table 7.—Aphid population and selenium con- 
centration in foliage. Experiment with chrys- 
anthemums grown in nutrient solution. 





SELENIUM 
IN FOLIAGE 


APHID 
POPULATION 


Mean of 6 
Replicates* 


Mean of 2 


TREATMENTS Replicates 


Check 24 1 p.p.m. 
Selenium } p.p.m. 50 12 
Selenium 1 p.p.m 25 14 
Selenium 13 p.p.m 3 25 
Selenium 2 p.p.m l 7) 





* A difference in means of 36.7 required for significance. 





severely injured plants previous to the 
time the population record was taken. 
The highest selenium level contained in 
the foliage of the chrysanthemums was 
15 p.p.m. The experiments with red 
spider on other hosts had indicated that 
this quantity of selenium in plant tissue 
was not sufficient to serve as an effective 
control for that organism. However, the 
scarcity of black chrysanthemum aphids 


aaa .’ «a 


Fic. 7 
on chrysanthemum plants which con- 
tained this quantity of selenium indicated 
that the concentration was adequate for 
the control of this insect. The effective- 
ness of the treatment is demonstrated also 
by a comparison of figure 6, which shows 
the untreated check plants, with figure 7, 
which shows the plants which were grown 
in a solution containing 2 p.p.m. of sele- 
nium. 

DiscUSSION AND The 
results of these studies have shown that 
when the selenium concentration of foli- 
age approached 90 to 100 p.p.m. the red 
spider population was practically elimi- 
nated. In the one experiment conducted 
with the black chrysanthemum aphid 
similar results were obtained with a 
selenium content of 45 p.p.m. Even with 
half these quantities of selenium in the 


Cr INCLUSION, 
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( hrs santhemum plants that received 2 p.p.m of selenium 
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leaf tissues, significant reductions of both 
mites and insects resulted. Inasmuch as 
these experiments were conducted on 
artificially infested plants, it seems prob- 
able that under natural conditions. stil] 
smaller amounts of selenium might pre- 
vent destructive populations from devel- 
oping. 

In the experiments in which the pests 
under consideration were not eliminated, 





EGective control of aphids 
comparatively small quantites of  sele- 
nium were found in the foliage of the 
host plants. The concentration of selenium 
in the tissues of these plants probably 
could be increased by reducing the quan- 
titv of sulfate in the growth medium as 
shown by Hurd-Karrer (1985), or by in- 
creasing the concentration of selenium 
supplied to the plants through the growth 
medium. 

Because of the known 
selenium to higher animals, the question 
may be raised as to whether it can be 
handled safely by commercial growers of 
ornamental plants. Although it) admit- 
tedly is a dangerous material to place in 
the hands of untrained men, the same 
certainly can be said of the better under- 
stood eyanides and arsenicals that now 


toxicity of 


have a wide use. 





June 1940 

Experimental results have demon- 
strated that selenium can be used effee- 
tively against some organisms. If by its 
use an animal as resistant to insecticides 
as is the red spider can be controlled, it 
would seem that economic entomologists 





MecGovran et al.: ParticLe Size or Parts GREEN 25 


might well afford to give the matter of its 

further development serious considera- 

tion. The method offers a new approach 

in pest control, particularly with plants 

which are grown for ornamental purposes. 
1-6-40. 
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The particle size of a powdered stomach 
insecticide has been considered one of its 
important characteristics It has fre- 
quently been stated that the smaller the 
particles the better the coverage that 


could be obtained with a given weight of 


material. It has also been pointed out that 
although extremely fine particles can be 
used in spray suspensions, in dusts these 
have certain disadvantages. While these 
general principles are recognized, com- 
paratively few papers have been pub- 
lished in which the relationship between 
definite partiel sizes of materials and 
reactions of insects to them has been 
studied. Shipitzina (1985) found that 
first-instar mosquito larvae lnapheles 
ingested quartz 


maculi pe wWris IMOSSOCAE 


particles with maximum diameters rang- 
ing from 22.8 to 34.2 microns and that 
fourth-instar larvae ingested particles OS 
to 165.3 microns in size. 

In a study of the toxicity of a number 
of samples of caleium arsenate to fifth 
instar cotton leaf worms (.flabama argil 
lacea Hbn. 1938) found that 


one of the coarsest samples was six times 


Gaines 


and one of the medium samples was four 
times as toxie as one of the finest ones. 
Nelson and Cassil (1987) showed that 


there was considerably more water soluble 
arsenic by the New York method in the 


American Journal of Botany, 24(7 


\ note on a new method of control for insect pests of the cotton 


XIV( 4+):308-9 


44S 51 


as Related to Toxicity and 
exican Bean Beetle 


NI AYER, 7.8 Dy partme nt of Agriculture - 


j 
yy and Plant Quarantine 


coarse and medium calcium arsenates than 
in the fine, which may have influenced 
the toxicity of these three samples. 
Goodhue (1937), in describing the particle 
size of the same samples, states that 26 
per cent of the coarse, 50 per cent of the 
medium, and 87 per cent of the fine 
sample was below 6 microns in diameter. 
These figures indicate that there was con- 
siderable material below 6 microns in 
diameter in all three calcium arsenates 
used by Gaines. Smith ef al. (1938) found 
a highly significant negative correlation 
between the net mortality of the boll 
weevil (.fnthonomus grandis Boh.) and 
particle size (per cent below 10 microns 
diameter) of 20 calcium arsenates. They 
state in explanation of these results that 
chemical differences among the samples 
tend to overshadow the normal effect of 
particle size. 

Siegler & Goodhue (1939) studied the 
effect of particle size on the toxicity of 
calcium arsenate, paris green, cryolite, 
phenothiazine and lead arsenate to cod- 
ling moth (Carpocapsa pomonella (L.)) 
larvae. They found no great differences 
in fractions with “‘mid-sizes’’* between 2 
and 28 microns; however, those with mid- 
sizes between 4.5 and 18 microns were 


raction tnto 
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generally slightly superior to fractions 
with mid-sizes 28 to 29 microns or 2 to 4 
microns in diameter. \ fraction of phe- 
nothiazine with a mid-size of 45 microns 
caused less than one-half the mortality 
caused by fractions with mid-sizes 15 and 
+ microns in diameter. With the possible 
exception of phenothiazine, all the frae 
tions (mid-sizes 4.5 to 18 microns) that 
gave slightly higher mortalities contained 
per cent of particles below 


from Il to 37 
6 microns 
These papers show that the insecticide 


fractions used, besides varying in chemi 





? 


br ] Photon crogt p! f distribution of party 
nd ton 


cal composition in some instances, have 
not been of well-defined particl size, that 
is, with practically no overlapping from 
one fraction to another. Probably as a 
result of this the re has not been found al 
logical correlation between toxicitv. and 
particle size of insecticides. A) possible 
explanation for such findings is that the 
finn particles have been present in sufhi 
cient quantities in the coarser material to 
lessen any toxicity differences that might 
exist. With these points in mind, three 
well-defined fractions of paris yreen Fig 
1) were pre pared and tested as stomach 
insecticides. 

Several methods of 
desired particle SIZOS were tried, but ho 


segregating the 


single one could be used in obtaining all 
three of the desired fractions. The meth 
od used for each fraction is bri« fly de 


seribed below ‘ 
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Fraction Size 22 Microns.—The original 
sample of a commercial paris green was 
fractionated mechanically hy shaking in 
a nest of sieves. The particles passing the 
200-mesh and retained by the $25-mesh 
sieve were kept. Even after this treatment 
fine particles adhered to the large ones, 
thus making if treat the 
sample further by repeated controlled 
sedimentation and with 95 
per cent ethyl aleohol 

Fraction Size 12 Microns.—That part 
of the paris green which had passed the 


necessary to 


decantation 


$25 mesh sieve Was subjected toon con- 





— 
¢ © | , ee e 
? 
. 
« ‘ 
_ e -* 
» ° P 
c ge 
| “ o* 
| * Pd 
- 
43 
les | el | } a4 , 
40k 
trolled sedimentation and cdeeantation 


with aleohol, so adjusted as to. seleet 
particles with falling velocities between 
1.7 and $.0 centimeters per minute. Par- 


ticles of this size offered no difficulty in 


sticking together when the aleohol was 
volatilized 
Fraction Si7e | Vicrons This frae- 


tion could not be obtained by sedimenta- 
tion because the particles became ce- 
mented toge ther again upon evaporation 
of the aleohol Federal 
Air) Classifier this 
separation. 

The sharp degree of separation attained 
in these fractions ts illustrated in figure 1. 
Each group of particles has been magni- 
fied 200 times, showing the relative homo- 


Conse cyte ntly al 


Wis ¢ mploved for 


geneity of the particles in each fraction. 
The chemical and phiy sical data are 
All chemical analy ses 


pre sented in table 1 








June 1940 


in this table were made according to the 
methods of the Association of Official 
Agricultural Chemists. It may be noted 
that the average particle diameter quoted 
does not fall) within the particle-size 
range given. There are two possible rea- 
sons for this apparent discrepancy. First, 
the average particle sizes as estimated hy 
microscopic examination have a tendency 
to be higher than the true value in the 
case of these nonuniform particles, since 
in general only the two largest dimensions 
are Visible. Second, the values obtained 
by the air-permeability method — by 
Gooden and Smith (1940) are likely to be 
slightly low, because of the porosity or 
imperfect solidity of the individual par 
ticles. 

The sample of commercial tale used as 
an inert control in’ the dusting experi 
ments had an average “surface weighted 


diameter” of 4 microns and a range of 


1 to 50 microns as measured microscopi 
cally. 

Table 1.—Chemical! and physica! data on three 
fractions of paris green used for toxicity tests. 








Pr Dara ( ar Dara 
! \re ; ( \ Ms * 
Pa " PerG a) 0 Ars 
Diat a. square | ( | ( | . 
M 1 (* , ‘ 
we x50 9 50 " 1 60 
1.1 ; aoe “ ) + 6S 
ed he G St " 
+ Va 
BroLocsy \l ‘TeESTs Second brood and 
third brood Nexican bean beetle Epi 
lachna rarivestis Muls adults and third 
brood larvae collected from by an fields 


near Beltsville, Maryland, were used as 
test insects. When tested the 
brood bree tles were old but Thaanhy of the 
third-brood beetles 
young The beetles were starved for a4 
hours test 


second 


were comparatively 


by fore being placed Ith thre 
cages. 

Bean leaves were kept turgid by insert 
ing their petioles into vials of water 
through stoppers so fitted that air could 
enter the vial as the leaf transpired but 
water could not run out. White flannel 
Was pressed against the lower surface of 
the leaves and around the petioles to keep 
the beetles from feeding on the untreated 


surfaces. The pubescence of the bean 
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leaves and the nap of the cloth made the 
leaves and cloth cohere tightly. The edges 
of the leaves were trimmed so that the 
leaf and the vial of water would lie in the 
bottom of a 15-centimeter petri dish. 
After the leaves were infested a 16-mesh 
screen was placed over the dish. 

Leaves were sprayed with the aqueous 
suspensions by passing them through the 
spray on a conveyor belt. The leaves were 
sprayed once and then returned through 
the sprayer in reverse position to increase 
the uniformity of deposit. The sprayer 
was adjusted so that two spray applica- 
tions gave a deposit that did not run 
when the leaf surface was held in a verti- 
cal position. This type of coverage pre- 
vented the formation of large drops and 
subsequent heavy deposits on some areas 
of the leaf. 

Preliminary spray tests gave deposits 
of 75, 27, and 16 micrograms of paris 
green per square centimeter when equal 
suspension concentrations were used for 
the 22-, 12-, and 1.1-micron fractions, 
respectively. Consequently, the aqueous 
concentrations were adjusted to give ap- 
proximately equal deposits (Table 2). 

Injury to the sprayed foliage was prac- 
tically eliminated by treating only the 
upper surfaces of the leaves and then 
placing them in a gentle breeze from an 
electric fan which evaporated the water 
within 5 minutes. 

Deposits for analysis were obtained by 
placing an 8 by 10 centimeter glass slide 
on the conveyor with each leaf being 
spraved. The slide was then washed with 
10 per cent hydrochloric acid, and the 
amount of arsenic present determined by 
the method of Cassil and Wichmann 

1939). 

Dusts were applied in a cylindrical dust 
settling chamber about 41° centimeters 
in diameter and 51 centimeters in height. 
From two to four blasts of air under 25 
pounds pressure dispersed the dust from 
a cup 3 centimeters in diameter mounted 
in the chamber. The leaves to be dusted 
were placed on a circular revolving plat- 
form of the same diameter as the dust 
chamber and about 15 centimeters below 
it. Preliminary tests had shown that if the 
platform made 30 to 40 revolutions per 
minute the variation in deposit was ma- 
terially reduced as compared with de- 
posits on a stationary platform, but a 
heavier deposit was obtained near the 
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center of the revolving platform than 
near the periphery. To balance this effect 
as far as was practical, the treated surface 
of each leaf was dusted twice, with its 
position in relation to the center of the 
revolving platform reversed the second 
time. A 100 square centimeter aluminum 
plate was placed on the revolving plat- 
form in a position comparable with that 
of each group of leaves dusted and the 
deposit of dust on the plate weighed. 
Treated and untreated leaves 
for controls were infested and placed in 


leaves 
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cal methods could be applied to the re- 
sults. Each particle size of paris green and 
the check was tested three times with 
about 20 beetles each on 4 separate days, 
thus giving a total of 48 mortality counts 
for the spraying and 48 for the dusting 
procedure. In connection with the dusting 
experiments 
ried out on 2 
the effect of inert particles, The beetles 
were weighed in groups of about 20 each. 
Resutts.—The data in table 2 and 
figure 2 show that the toxicity and the 


two tests of tale were Car- 
separate days, to evaluate 


Table 2.—The effect of particle size of paris green on the feeding and mortality of Mexican bean 


beetle adults. 








Amount INGestT! ren Gram or Insect 
AVERAGE Surtace Mortat- 
lL POSIT, Leaf \rea al Ivy 
Parti LI Nrcro« RAMS \rea, Insecticide, IN 
INses ricipt Dr Ame rFR, PER SQuARI square Insect ole Square tS Tle RS 
SERIES | sep Miicrons CENTIMETER Centimeters Mlicrovrams Centimeters Per Cent 
Spray 
l Paris yreen 22 +4 6.5 21S 0 1S 20 
) Paris green 12 51 ,.9 121 0.19 
8 Paris yreen 1.1 + 4 - > m9 59 53 
4 None 0 146 “ a 13 
Difference in mortalit required for s ynificance at odds of 99 to 1, 
Dusts 
5 Paris green 22 110 to eo ).42 i} 
6 Paris green 12 105 2 258 0.37 61 
7 Paris green 1.1 105 0.8 4 0.52 SS 
8* Talk t 108 ths tS 14 19 
9 None 0 $2.4 iL ) 15 
Difference in mortality, required for significance at midds of 99 to 1, 
- ‘t 


a cabinet at about 24 degrees } and O60 
to 80 per cent relative humidity. Glass 
plates were laid on the screen tops of the 
petri dish cages to retard transpiration. 

The total area of the leaves and the 
amount eaten were recorded as contact 
photographic prints and were measured 
with a planimeter or by means of paper 
ruled in square millimeters. 

An effort was made to maintain a con- 
stant area of leaf surface in comparative 
tests. The sprayed leaves averaged 58 
square centimeters for paris green sus- 
pensions and 68 square centimeters for 
water. Dusted and 
55 square centimeters for paris green 
tale, The untreated 


leaves averaged 74 


and respectively. 


leaves averaged 80 square centimeters. 
The tests were so designed that statisti- 


amount of feeding are related to the par- 
ticle size of paris green. The fraction with 
an average diameter of 1.1 microns caused 
the greatest mortality both as a spray 
and as a dust, and foliage sprayed (Fig. 
2) or dusted with it was eaten the least. 
The 12-micron fraction oc upted an inter- 
mediate position both in mortality and 
amount of feeding, and the 22-micron 
paris green caused the lowest: mortality 
and eaten in the largest amounts 
both as a spray and as a dust. The leaves 
that were dusted with tale did not cause 
a significantly higher mortality than the 
untreated control leaves and were eaten 
in far larger amounts than any of the 


was 


paris green treated foliage. 
Upon subjecting the data in table 2 to 
the analysis of covariance a correlation of 
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— 0.9996 found with a= significant 
level of 49 to 1. This proves from a sta- 
tistical point of view that the apparent, 
and altogether logical, increase of toxicity 


Was 


with decreasing particle size is real. This 
correlation existed in spite of the much 
larger quantities of the 22- and 12-micron 
fractions apparently ingested by the in- 
sects. 


With the 1.l-micron fraction the feed- 
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va 


area and weight of insecticide were in- 
gested. The difference between the 22- 
micron fraction and the 12-micron frac- 
tion was not large. 

The weighing of 1,243 beetles in groups 
of about 20 each gave an average of 27.2 
beetles per gram of body weight, a maxi- 
mum day-to-day variation of 16.5 per 
cent, and a maximum between-series de- 
viation of 2.1 per cent in total body 








\queous ~ 


nsecticide, (2) 22 


| yreen 


ing on sprayed foliage was confined to 
several small areas as contrasted with a 
few larger areas on dusted foliage 

It that the appendages 
and ventral surfaces of the beetles that 
had been on foliage dusted with the 1.1 


was observed 


micron paris green were sufficiently coated 


with the insecticide to have a distinet 
green color. Beetles feeding on foliage 
dusted with the 22- or 12-micron paris 


yreens and beetles on foliage spraved with 
all three fractions did not display this 
coloration. 

The 1.1-miecron the 
largest surface area of insecticide ingested, 
in spite of the fact that the smallest leaf 


fraction shows 





“4 bean leaves showing the feeding by the Mexican bean beetle adult. 


micron, (3) 12-micron, and (4), 1.1-micron fraction of 


One-half natural size 


weight. The field-collected beetles had a 
sex ratio of 50:50, whereas 55 and 60 
per cent of the insects killed by the spray 
and dust treatments, respectively, were 
females. 

In four preliminary series of spray tests 
with second-instar Mexican bean beetle 
larvae, using about 20 insects in each of 
three tests per series, deposits of 16, 14, 
15, and 0 micrograms per square centi- 
meter of the 22-, 12-, and 1.1-micron 
paris greens and water alone caused 35, 
46, 85, and 14 per cent mortality, respec- 
tively. 

Discusston.—The ingestion of the in- 
secticide by the insect is of primary im- 
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portance in) stomach insecticides. Any 
reduction in feeding caused by the insecti- 
cide will influence the results obtained 
and may be the controlling factor. It can 
be shown by calculation from the amount 
of untreated leaf area eaten, that, if the 
three fractions of paris green used in 
these experiments had not influenced the 
feeding of the beetles during the 48 hours 
of the test, each gram of insects would 
have ingested from $4.6 to 82.4 square 
centimeters of bean leaf, or from 1,090 
to $800 micrograms of paris green. This 
undoubtedly have lethal 
dose im most instances, these 
amounts are from 5 to over 200 times as 


would been a 


since 


much as was actually eaten, depending 
on the particle fraction, method of ap- 
plication, and vitality of the beetles. 
The data in table 2 and illustration in 
figure 2 show clearly that each fraction 
of paris green influenced the feeding to a 
different degree. If it is postulated that 
paris green, regardless of its particle size, 
has no contact action on the Mexican 
hean beetle and that all the beetles fed 
equally, then it is evident from table 2 
that the finest material not only 
the highest mortality but permitted the 
least amount of feeding. These data indi- 
cate that one of the most important char 
insecticide for 
effect the 


caused 


stomach 
insects is tts 


acteristics of a 
non-boring 
feeding of the pest. 

It is of especial interest to consider the 
possible reasons for the different amounts 
of foliage ingested in relation to the par 
deposits of 


on 


ticle size, since the average 
the three fractions were practically the 
same. It appears that the the 
paris green the more of it was eaten, which 
indicates that some factor or factors other 
than the amount of the in- 
gested must control the amount of feed 


coarser 


insecticide 


ing on the treated foliage. 

The surface area of the insecticide in- 
gested per gram of insect indicates the 
probability that the larger surface area of 
the 1.l-micron fraction and the greater 
amount of water-soluble arsenic in it 
allowed rapid absorpt ion of t he insecticide 
and caused the insects to become ill and 
stop feeding in a short time. In compari 
son with this the 22- and 12-micron frac- 
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tions, which had relatively small surface 
areas and less water-soluble arsenic, did 
not affect the insects so rapidly and larger 
amounts were ingested before the insects 
stopped feeding. 

As previously stated in’ the results, 
visible quantities of the puris green ad- 
hered to the beetles fed on foliage dusted 
with the L.l-micron material. Part of this 
material may 
causing a toxic action. Since there was no 
visible evidence of adherence of the 0. 
and 12-micron fractions, their contact 
toxic action was probably much less. It 


have entered the insects, 


was also possible that the mortality was 
affected by the greater quantity of water- 
soluble arsenic in the 1l.l-miecron fraction. 
Any contact effect probably 
bined with that of the insecticide ingested 
by the feeding of the insects on the treated 
leaves. 

The and dust 
treatments cannot be compared from the 
data in table 2 because of the variation in 
the beetles. In the spray tests old second- 
brood used those 
used in the dust tests were voung third- 
brood beetles. Some idea of the relative 
vitality of the two groups of insects can 
he obtained by comparing the unpoisoned 
per gram of 


Was Com- 


effectiveness of spray 


beetles were whereas 


leaf areas ingested insects 
feeding on the foliage. 

Under field conditions paris green is 
very toxic to bean foliage, but under the 
indoor and quick-drying conditions of 
these tests, where only the upper. sur- 
faces of the leaves were spraved, prac- 
tically all the toxie effect was climinated. 

The tests with the second-instar larvae, 
while not conelusive in themselves, indi- 
cate the same trend of toxicity as the more 
extensive tests with the adult beetles. 

SUMMARY. 
that paris green particles with an average 


Experiments have shown 


diameter of 1.1 microns caused higher 
mortalities of the Mexican bean beetle 
FE pilachna rarivestis Nuls and per- 


mitted less feeding when applied, either 
asa spray orasa dust, to bean foliage, than 
did particles of 12 microns, which were 
intermediate, and 22 microns, which 
caused the lowest mortality and per- 
mitted the greatest amount of feeding. 
2-12-40. 
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Methyl Bromide in Aqueous Solution to Control 
Pantomorus leucoloma and P. peregrinus 


Kk. MI INGSTONE, S. S. Easter, and G 


infestations of the 
white fringed beetle Panto- 
morus leucoloma (Boh.)) and the closely 
related species I’. peregrinus Buch. in the 
soil of balled-in-burlap nursery stock is a 
proble m that came into existence with the 
1989, of the 
Federal quarantine against these insects. 


How 


larva of the 


to dest roy 


promulgat lon, In January 


Preliminary experiments) with methyl 
bromide applied In Various Ways to 
balled-in-burlap material showed that 


when this chemical was dissolved in dena 
tured ethyl aleohol and the solution in 
turn dissolved in water, a potent insecti 
cide resulted. When this aqueous solution 
of methyl bromide and ethyl] aleohol Was 
sprinkled on boxes filled with sand = in 
which were plunged burlapped soil balls 
infested with Pantomorus larvae, mortal 
ity of the imseets resulted, the degree of 
mortality being affected hy such factors 
as the percentage of methyl bromide con- 
tained in the solution, the rate at which 
it was applied, the length of time the 
balls were allowed to remain in the sand 
box, the temperature, other fae 
tors of lesser Importance. The purpose of 
this paper is to present detailed data on 


the effect on infestations of Pantomorus, 
in burlapped balls of earth, produced by 
treatment with an solution. of 
methyl bromide 

Metuop or Procepurti In the ex- 
periments reported in this paper the larval 
stages of and P. 
pe reqrinus were used. Infested burlapped 


aqgucous 


Pantomorus le ucoloma 





R. Swank, U 
togy and Plant (Quarantine 


S. De partme nt of tyr ulture i Bureau of 


balls of earth were plunged in water-tight 
sand boxes 1 foot deep, with at least a 
2-inch interspace between the balls and 
between the top of the balls and the sur- 
face of the sand and the bottom of the 
balls and the bottom of the box. Clean, 
white river sand free of organic matter 
was used as a plunging medium in the 
sand boxes. The aqueous insecticidal solu- 
tion contained 0.3 per cent of methyl 
bromide and 0.6 per cent of denatured 
ethyl aleohol and was applied from a 
gardener’s sprinkling can to the sand box 
at the rate of 40 gallons per 100 square 
feet of surface area. The balls of earth 
were allowed to remain in the sand box for 
various periods of time. The temperature 
of the sand during this period was deter- 
mined by a maximum-minimum ther- 
mometer or a distance thermograph, the 
temperature being taken at the center of 
the sand in the box. The temperatures at 
which the experiments were carried out 
usually averaged between 70 and 80 
degrees F. At the expiration of the period 
of treatment the burlapped balls were 
removed from the sand boxes and _ set 
aside for 24 hours, and at the end of this 
additional period the insect material was 
removed and kept for observations on 
mortality. In this work the infested bur- 
lapped balls of soil were grouped accord- 
ing to their minimum diameters and the 
data are grouped accordingly in_ the 
tables. The maximum diameter, as given 
in the tables, for a particular group of 
burlapped balls usually ranged from 


slightly above the minimum diameter to 
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the tabular values given for the group. 
In each group the balls were fairly uni- 
form in size and shape. 

Resutts or Experiments. Table 1 
shows the mortality of larvae of Panto- 
morus leucoloma in 4- to 7-inch burlapped 
balls of alluvial sandy clay at New 
Orleans. Treatments of 8, 12, 18, and 24 
hours’ duration were used. The &-hour 
exposure failed to give complete mortal- 
ity in balls 5 and 7 inches in diameter. 


Kconomi 
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exposure was not sufficient to produce 
complete mortality of the larvae in balls 
having a minimum diameter of 4 inches, 
but was sufficient for balls 
diameter. This apparent discrepancy js 
perhaps due to the small number of larvae 
used in the tests with the 5-inch balls. 
The 4- and 6-hour exposures gave com- 
plete kills of test larvae in balls ranging 
in diameter from 3 to 7 inches, inclusive. 
The temperature in the experiments in- 


} inches in 


Table 1.—Results of experiments with methyl bromide (0.3 per cent) in aqueous solution sprinkled 
on sand boxes containing plunged burlapped balls infested with larvae of Pantomorus leucoloma at 
the rate of 40 gallons per 100 square feet of surface area. New Orleans, La. 








TEMPERATURE IN NUMBER DIAMETER OF Son Lanvat 
Decrees | Or Batis in INcnes 

SE ties ott Pot il Number Per ( ent 

No Range Average Bais Minimum Maximum L sed Killed Killed 
v-H / t Plunging B 

| 75 S80 78.5 | ) 11 9 ) 55.6 

) 73 SO 78.5 t r ie) nD 0 9s 9 
i Treat / 

4 74-78 6.0 4 ) ri S IS 100 

} 74-78 760.0 I i 7 s ) 2 35 

) 14 78 7EL0 ) 7 I } +I S7.2 
i / ent P j / 

6 > NY 78.0 | } s ) ) 1000 

7 iS S2 74.0 15 ) it 113 4 100 

8 oS SY 72.58 7 “i iD )) +4 100.0 

9 GS S82 12.8 9 7 lo ltt l12 ON 8 
I ] er P B 

10 68 78 72 2 } S 1) 1D to 0 

11 os 79 74.5 s Db lo S S. oo 0 

i2 6S S80 75.2 11 6 14 117 113 100.0 

13 71 SO 74.0 6 7 17 me 2 95.8 
Check (Untreated): 24-Ho P / 

14 74-78 76.0 2 } s ry 4 15.0 

15 74-78 76.0 l ) s | 0 o.0 

16 74-78 76.0 | 6 9 7.3 

17 74-78 6.0 2 7 1d a 25.9 

The 12-hour exposure gave complete mor- cluded in table 2 ranged from 73 to 8&6 


tality in balls having a diameter of 5 
inches but not in those 6 and 7 inches in 
diameter. The 18- and 24-hour exposures 
gave complete mortality in balls 4, 5, and 
6 inches in diameter but not in those 7 
inches in diameter. Temperatures in these 
experiments ranged from 68 to 82 degrees 
F., the range and average being given in 
the table for each series of tests. The aver 
among the experiments 
ranged from 72.5 to 78.5 degrees F. 
Table 2 shows the percentages of mor- 
tality of larvae of Pantomorus peregrinus 
obtained in 3- to 7-inch burlapped balls 
of sandy loam in Gulfport. Exposures of 
+, and 6 hours were used. A 2-hour 


ages series of 


degrees F. The averages among the series 
of experiments ranged from 76.8 to 80.8 
degrees I 

MeRECT 
sults of experiments to 
effect of the insecticide on plants have 
been encouraging. It appears that such 
ornamental plants as Gardenia, Nandina, 


Preliminary re- 
determine the 


ON Py ANTS 


Podocar pus, Pyrae wntha. some \ arieties of 
arborvitae, sweet olive, and certain others 
suffered little or no retardation in growth 
following treatment. 

Discussion or Resucts.—Of interest 
was the finding that considerably shorter 
exposures gave complete mortalities of 
the larvae of Pantomorus peregrinus than 
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were required for r. le ucoloma., A t-hour 
exposure produced a complete kill of 
larvae of P. peregrinus in balls 7 inches 
and smaller in diameter, whereas an 18- 
hour exposure Was required to give the 
same result with larvae of P. leucoloma 
in balls 6 inches and smaller in diameter. 
Unpublished evidence at hand indicates 
that this seeming difference in resistance 
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larval infestations of Pantomorus leuco- 
loma and P. peregrinus in burlapped balls 
of earth such as would be encountered on 
the roots of nursery stock. Results of a 
limited number of experiments showed 
that when infested balls were plunged in 
sand boxes that were 1 foot deep, with a 
2-inch sand space on all sides of the balls, 
and the insecticide applied at the rate of 


Table 2.—Results of experiments with methy! bromide (0.3 per cent) in aqueous solution sprinkled 
on sand boxes containing plunged burlapped balls infested with larvae of Pantomorus peregrinus at 
the rate of 40 gallons per 100 square feet of surface area. Gulfport, Miss. 





PeMPERATURE IN NUMBER DIAMETER OF SOIL LARVAE 
Drcrees F Ol Baus In INCHES 
SERIES Sor Total Number Per Cent 
No Range Average Baus Minimum Maximum Used Killed Killed 
Hour Treatment in Plunging Bor 
| 74-78 76.5 7 } 7 +1 39 95.1 
2 76-78 77.0 2 3 7 13 13 100.00 
j-Hour Treatment in Plunging Bou 
5 75-86 78.9 r } 5 IS Is 100.0 
} 73-82 78.0 17 } 7 59 59 100.0 
5 73-86 78.3 27 5 10 11 1S 100.0 
6 75-86 79.1 4 6 9 71 71 100.0 
q 73 86 780 1 q 1] 140 140 100.0 
Hlour 1 i ent on Plunging Bor 
% 73 86 TH00 ; 3 5 14 1+ 100.0 
9 73-79 76.4 7 t 7 $l $1 100.0 
Ww 73-86 78.1 Ww 5 7 63 63 100.0 
1] TO 86 SOS J 6 9 7 7 100.0 
12 73 86 78.7 ) 7 11 77) 55 100.0 





is due mainly to the 
character of the soil of which the bur- 
lapped balls were composed. In New Or 
leans and vicinity where the experiments 
with P. leucoloma were carried out the soil 
compact sandy clay of alluvial 
where 


to the insecticide 


is a dense, 
origin. In Gulfport and vieimity 
P. peregrinus is found the soil is a loose 
and porous sandy loam 

SUMMARY) An aqueous solution con 
taining 0.3 per cent of methyl bromide 
and 0.6 per cent of denatured « thyl aleo 
hol was found to be of value in destroy Ing 


for the long established coffee 


destructive 


As \ 


industry of 


PROTECTION 
Puerto Rico 
coffee rust. the coffee berrs 
Federal Plant Quarantine No. 738 
lished, effective April 1, 1940, which prohibits entry 
into that foreign « cottes 
plants, and coffee 
beans, with provision, however, for entry under reg 
nd for ship 


avainst the 


borer and othe pests, 


had been estab 
ountries of 


island from 


plant parts, berries, unroasted 
ulation of small samples of coffee beans a 
ments entering at San Juan in transit to the main 


land or foreign countries. This quarantine does not 


4) gallons per 100 square feet of surface 
area, complete mortality of larvae of 
P. leucoloma was obtained in balls 6 
inches and smaller in diameter with an 
18-hour exposure, and complete mortality 
of larvae of P. peregrinus was obtained 
with a 4-hour exposure. This apparent 
difference in the susceptibility of the 
larvae of these two species of Pantomorus 
is due to the different types of soil found 
in the two localities where the experi- 
mental work with the fumigant was car- 
ried on.— 1-6-40. 


affect the importation of foreign coffee into the 
United States mainland. 

Tue California quarantine relating to the peach 
mosaic disease was revised effective November 18, 
1939, adding to the infected area all of Orange 
County and part of Imperial County, and releasing 
from the quarantine restrictions portions of the 
counties of Los Angeles, San Bernardino, and River- 
side, now declared to be free from the mosaic dis- 
ease. Changes were also made in the quarantine 


prov Isions, 











Winter Mortality of the Black Seale (Saissetia oleae Bern.) 
on Oranges in California 


Racen H 


Praise or blame for a black scale condi- 
tion that may develop after an orange 
grove has been sprayed or fumigated does 
not necessarily rest solely upon the effi- 
cacy of the material applied, the dosage, 
the thoroughness of the application, the 
time of application, the work of parasites, 
the number of insects present when the 
treatment is made or the number that 
survive the treatment. Winter mortality 
is an important factor that has apparently 
heen overlooked in considerations on the 
control of this pest. The studies herein re- 
ported indicate that where the infestation 
is heavy at the time of treating, winter 
mortality is probably the determining fac- 
tor in any decrease or increase in infesta- 
tion as compared with the preceding year. 
That is to say, the success or failure of a 
treatment, as ordinarily judged by the 
degree of infestation in spring and early 
summer of the following vear, depends to 
a large extent upon the number of insects 
that die of natural causes subsequent to 
the treatment. 

SEASONAL History anp CONTROL oF 
Buack ScaLe.—A brief statement of the 
seasonal history and control of the black 
scale is made for the information of read- 
ers Who may not be familiar with this ma- 
jor pest of oranges in California. The fe- 
male seale attains full size about the first 
of June. During the months of June and 
July she lays 1500 or 2000 eggs. Hatching 
is usually complete by the tenth of Au- 
gust. Spraying and fumigating are done 
during the following two or three months 
when the insects are sufficiently small to 
he vulnerable to the treatments. The new- 
ly hatched insects settle upon the leaves 
and remain there for 6 or 8 months. In 
late winter they migrate from the leaves 
to the twigs and terminal branches. As is 
shown by the present studies, a high per- 
centage perishes during this migration 
period. During April and May the insects 
rapidly grow to full size and exerete copi- 
ous amounts of honeydew which falls onto 
the leaves and mold 
fungus grows on the honeydew and the 
trees take on an unsightly, dirty, black 
appearance. If the trees are less dirty and 
at the same time 
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have fewer seales than 
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the preceding vear, the spray or fumiga- 
tion treatment, made the preceding Au- 
gust, September or October, is considered 
to have been satisfactory. If the trees are 
more dirty, the treatment is blamed. 
Mortauity Stupies in TWO Ten-AcrkE 
ORANGE Groves.—-The first statistical 
data on winter mortality were secured 





Table 1.—Mortality data based on scale 
counts on every tree in two 10-acre groves. 
CskoOvVE \ 
Li a In 
sects to Live In 
Jt Leave sects to Per Cent 
\fter 24+ Leaves of Insects 
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in connection with spraying experiments 
made in two ten-acre orange groves. The 
study in grove A covered the black scale 
August to June) of 1981-82, and 
the study in yrove B covered the scHSOn 
of 1982-353. \ month after spraying, 
an examination of 20 leaves 
selected at random from each tree in the 
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Was mac 
groves, and the number of live inseets was 
recorded. The following June an examina- 
tion was made of 20 selected at 
random from each tree and the number of 
full-grown recorded, The 
“unit” was a terminal portion of a branch, 


“units” 


insects Was 
12 inches in length. There was an average 
of 24 leaves to the unit in grove A and 20 
leaves to the unit in grove B. In the sum- 
mary of data given in table 1, the leaf 
count is shown as the average number of 
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insects to 24 leaves in grove A and 20 
leaves in grove B, in order to afford a di- 
rect comparison with the average number 
of insects to the “unit” in the respective 
groves. ; ; 

As shown in table 1, 56.58 per cent of 
the insects on the sprayed trees in grove 
A. and 69.21 per cent of those on the un- 
sprayed trees, died from natural causes 

Table 2.—Showing the number of live black 


scale per ‘‘unit” at intervals from the time of 
spraying, August 27, 1935, to June 10, 1936. 





Avcaust Octro- Jant Marcu Juns 
SEX 27 BER 23 ARY S 16 10 
Males and 
females 1677.76 24.6 
Females 20.95 1.5 4.2 1.40 





during fall, winter and spring. The higher 
mortality on the untreated trees may 
have been the result of the very dense in- 
sect population. Some twigs were so dense- 
ly covered as to indicate that many 
insects had probably not found room 
enough to settle and develop. In grove B, 
the following year, 89.11 per cent of the 
insects on the sprayed trees, and 84.11 per 
cent on the unspraved trees, died from nat- 
ural causes during fall, winter, and spring. 
The percentage that died from natural 
causes in grove B was nearly as large as 
the percentage killed by the spray in cer- 
tain tests. The data given in table 1 show 
that in September grove B had over twice 
as many insects as grove A. The following 
June, however, YTOVe B had only about 
one-half as many insects as grove A. 
Mortanuiry Stupies oF BLAcK Scat 
on two Trees.— To obtain further data 
on winter mortality, a study limited to 
two orange trees was made during the 
black seale season of 1985-36. The results 
of this study are indicated in table 2. 
There was an average of 14.7 leaves to the 
“unit.” At the time the trees were sprayed 
August 27, 1985, the counts showed an 
average of 1677.76 live female 
and male) to 14.7 leaves. This represented 
a heavy infestation. Counts made October 
285 gave an average of 24.6 insects to 14.7 
leaves. It may be assumed that the spray- 
ing was responsible for reducing the pop- 
ulation per “unit” from 1677.76 to 24.6. 
This represents a kill of 98.538 per cent. 
There were 20.95 female inseets to the 


insects 
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“unit” on October 23. Since the males 
emerge as winged forms during the winter, 
they were not recorded in the counts 
made subsequent to October 23. Counts 
made on January 8, 1936, gave 17.5 fe- 
male insects per “unit.”” The examination 
of numerous twigs failed to reveal insects 
on the bark and it was supposed that the 
migration from the leaves to the bark had 
not yet started. However, some migration 
may have taken place, and such migra- 
tion, together with a limited amount of 
natural mortality, would account for the 
fact that the female insect population 
during the period from October 23. to 
January 8 had decreased from 20.95 to 
17.5 insects per “unit.” 

On March 16, 1936, when the fourth 
count was made, a large percentage of the 
insects had migrated from the leaves to 
the twigs. The counts showed an average 
of 4.28 female insects to the “unit.” It 
would appear, therefore, that owing to 
natural mortality incident to migration, 
the insect population decreased 75.5 per 
cent between January 8 and March 16. 
The last count was made on June 10. At 
that time the insects were full-grown and 
all were established on the twigs and ter- 
minal branches. The counts showed an 
average of 1.4 female insects to the 
“unit.” This represents a natural mor- 
tality of 93.32 per cent for the period 
October 23, 1935 to June 10, 1936. 

If this natural mortality had not oc- 
curred, the grove would have shown an 
exceedingly heavy infestation, with 20.95 
insects per “unit,” and the treatment 
would have been adjudged a miserable 
failure. As it turned out, the grove showed 
a lighter infestation than existed the pre- 
ceding year and the grower was well 
satisfied with the results of the spray 
treatment. If the natural mortality had 
been 89.11 per cent as was the case in 
grove B in 1982-33, there would have 
been 2.28 insects per “unit” or nearly 
twice as many as actually occurred on 
June 10, 1986. In that event, the grower 
would have much dissatisfied with the 
results of the treatment. If the natural 
mortality had been 56.58 per cent, as 
it had been in grove A in 1931-82, there 
would have been 9.09 insects per “unit” 
which would represent an extremely 
1-6-40. 


heavy infestation. 








Fumigation of Sacked Grain with Chloropicrin 


Kennetu L 


There has long been a need for an effi- 
cient method of treating sacked grain in- 
fested with insect pests. This problem has 
been of especial importance to commer- 
cial seedsmen. Insect damage need not be 
very extensive to cause losses in sales and 
trade prestige; in fact, the mere presence 
of insects will hurt the seedsman’s trade. 
The work of this paper is concerned 
wholly with control of insects in sacked 
grain by fumigation with chloropicrin. 

EXPERIMENTAL Metuops.—The work 
was done in a fumigation vault having a 
volume of 1,000 cubic feet. Vault temper- 
atures throughout the fumigations aver- 
aged approximately 75 degrees F. ranging 
from 68 to 84 degrees. An average relative 
humidity of 45 per cent was maintained. 
Approximately 700 pounds of grain were 
in the vault during each fumigation. 

In general, the bagsT used in this ex- 
periment were of the following main 
types as to gas-holding properties: 1) ex- 
tremely porous cloth bags, such as the 
Osnaburg and Drill; (2) burlap bags lined 
with either a single or a double layer of 
glued or asphalted Araft paper; and (3) 
cloth and burlap bags lined with a glass- 
ine-like plastic, commercially known as 
Pliofilm. 

Wheat was used as the experimental 
grain. Quantities of insect-infested wheat 
varying from 40 to 60 pounds were used, 
depending upon the capacity of the sack. 

Mixed cultures of coleopterous stored 
grain insects were used, including the fol- 
lowing species: the red flour beetle, Triho- 
linm castaneum (Hbst. the lesser grain 
borer, Rhizopertha dominica F.: the rice 
weevil, Sitophilus oryzae (L.); the granary 
weevil, Sitophilus granarius (L.); and the 
flat grain beetle, Laemophloeus minutus 
Oliv. However. due to the fluctuation in 
numbers of the various species in culture, 
data for some of them are not consistently 
present throughout. 

* The investigations reportes 
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Results were checked by placing infest- 
ed wheat samples in various situations in 
the filled bags. Two types of samples were 
used. One type consisted of 115 grams of 
infested wheat enclosed in a thin cloth 
bag. These sack samples, while giving 
only an approximate idea of the mortal- 
ity, were particularly valuable since they 
included undisturbed immature stages 
and could be held over to determine the 
degree of survival of these stages. The 
other type consisted of known numbers of 
living adults in small wheat-filled boxes 
which had the tops and bottoms replaced 
by stiff LuauZe. From these box samples 
the percentage mortality of the adults 
could be obtained. 

The mortality data were obtained by 
sifting the insects from each sample and 
then leaving the sample under a 200 watt 
lamp for a few moments. This last meas- 
ure drove out all adult inseets which had 
resisted the sifting by being concealed in- 
side of hollow kernels. After all living and 
dead adults were sifted from each sack 
sample, the remaining vTrain Was placed in 
a two-quart jar, sealed, and incubated for 
a period of six weeks. The appearance of 
living adults at any time in this period 
was taken to indicate survival of imma- 
ture stages. Cotton ef al' used this method 
in checking the results of fumigation upon 
the immature stages of Sitophilus 

It was quickly apparent that the type 
of sack used directly influenced the dosage 
of the fumigant needed for complete con- 
trol, and also directly determined the 
method of fumigation Two 
means of fumigation were tested: the in- 
jection method and the vault method. 
The latter is the one in common usage. 
Injection fumigation has been tried in 
dried fruit fumigation but there are no 
published records of tests of that method 
in the fumigation of sacked seeds 

Chloropicrin was injected into the sack 
in quantities proportional to the volume 
of the filled sack which was caleulated 
from the weight of the grain in the sack. 
Dosage relat 1Ons of pounds of chloropicrin 
per 1,000 cubie feet were then converted 


necessary. 


into cubie centimeters, and the number of 
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cubic centimeters needed for the volume 
of the sack of grain was determined. 

In the injection fumigation the filled 
sacks were laid on the floor of the cham- 
ber. A slender glass pipette was inserted 
through the center of the upper sack sur- 
face and the required dose of chloropicrin 
was injected into the pipette from a 10 ce. 
hypodermic syringe. Because the experi- 
mental dosés were very small (five pounds 
of chloropicrin per 1,000 cubie feet is 
equal to 1.7 cubie centimeters per bushel 
of sacked wheat), a rubber bulb and tube 
were connected to the pipette after the in- 
jection and air Was forced through to 
drive out any drops of liquid that might 
be clinging to the glass. The perforation in 
the sack was covered by a small piece of 
gummed tape. Later, in the practical ap- 
plication of this method, a long stout nee- 
dle was used directly from a one-pound 
container, and so adjusted as to inject a 
known amount at each stroke of a plunger. 
Grain containing quantities of dust is dif- 
ficult to fumigate by this method since the 
dust soon clogs the aperture in the needle. 
This experimental injection fumigation 
was successfully done without the protec- 
tion of a gas-mask, but it is doubtful if 
this would be possible in large-scale opera- 
tions. 

In checking the results of injection fu- 
migations, the sacks were first sampled at 
the end of a four-day period. At the end of 
a seven-day period, the 
moved from the chamber and 
samples were taken. 

Throughout the period of fumigation, 
the chamber exhaust fan was allowed to 
run to prevent the building up of a lethal 
concentration around the sacks. Such 
gradual accumulation of the gas would be 
desirable in actual fumigation but in this 
experimental work it was thought wise to 
avoid it. Two sack samples and one box 
sample were always so placed in the filled 
hag as to indicate the results at either end 
of the bag. 

In the vault fumigation the filled sacks 
were placed in the vault, which was then 
and the appropriate 
poured in through a valve at the top. In- 
side the chamber the liquid ran down a 
long cheesecloth wick which materially 
increased the rate of evaporation. All the 
vault fumigations were for periods of 94 
hours. At the end of this period, the sacks 
room where 
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were removed to a storage 
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Table 1.—Dosage of chloropicrin required for 
complete kill of stored-grain insect species used 
in this work. 





DosaGceE ror 100 
Per Cent Mor- 
ratity. Pounps Per 
1,000 Cusic Fret 


INSECT 


Flat grain beetle 1 
Lesser grain borer 1 
Granary weevil 1} 
Red flour beetle 

Larvae—from the mixed cultures 


en 


3 


« 





they were sampled. They were then re- 
sealed and allowed to stand for seven days 
from the date of fumigation at the end of 
which time they were reopened and the 
second set of samples was removed. In 
this vault fumigation it was necessary to 
use a gas-mask equipped with a chloropic- 
rin canister. 

An effort was made to determine the ef- 
fect of chloropicrin fumigation upon the 
viability of seeds: corn, oats, soybeans, and 
wheat. Mixed samples of these were made 
up in cheesecloth bags which were placed 
in sacks that were to be fumigated. Since 
the moisture content of seeds plays an 
important part in the effect of chloropic- 
rin on their viability, seeds with mois- 
ture content below 10 per cent were used. 

Resuits.—Results are reported here 
only for Tribolium castaneum (Hbst.). 
This species was consistently present in 
usable numbers. However, as reference to 
table 1 will show, it was the most difficult 
one to kill, and thus undoubtedly gives an 
adequate measure of the general results. 

Table 2 shows the results obtained from 
the injection fumigation experiments with 
four main types of sacks. Each figure rep- 
resents the dosage of chloropicrin which 

Table 2.—Results of chloropicrin fumigation 


of all stages of Tribolium castaneum (Hbst.) in 
wheat, sacked in four different types of bags. 





DosaAGEs FOR 100 
Per Cent Mor- 
rauity. Pounps Per 
1,000 Cunic Fret 


Injection Vault 
Method Method 


Tyre or Sack 


Pliofilm-lined burlap sack I : 
Double paper-lined burlap sack 3 Above 3 
Single paper-lined burlap sack Above 8 ; 
Cloth (such as the Drill) sack Above 11 4 
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Table 3.—Post-fumigation results obtained in 
the chloropicrin fumigation of Tribolium cas- 
taneum (Hbst.) in sacked wheat. 





Dosa x1 C'eN l ( 
i Nps Morta Monra 
1.000 \rrr \ 
I SACK ( by t Da Days 
l I 
Single pay } a5 ; 
Double pay 4 Wo 
/ “ “ 
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Single pap I , ’ 
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gave 100 per cent mortality of all the in 
sect species present. The Pliottim lined 
sack gave the best results with this meth 
od, since compl te control was obtained 
with a dosage of one pound per 1,000 cu 
hie feet. The double paper lined burlap 
bag required 2 pounds of chloropicrin for 
complete control. Work with the single 
paper lined bag was given up after a dos- 
age of 8 pounds produced ul mortality of 
only 35.3 per cent. The results obtained 
from the cloth bags were very erratic and 
dosages as high as 14 pounds per thou 
sand cubie feet gave Incomple te control 
with the Osnaburg bag. 

Table 2 similarly illustrates the results 
obtained from the vault fumigations 
Complete control was secured with a dos 
age of three-fourths of a pound with the 
cloth bags. In the case of the single paper 
lined burlap hags, the re seemed to he i“ 
difference in whether the paper liner was 
glued to the burlap or asphalted (om 
plete control was obtained in the glued 
tvpe with a dosage of only three-fourths 
of a pound, while with the asphalted hav, 
one pound was required. With the double 
paper lined burlap sack, a three pound 
dosage gave a mortality of 90.5 per cent. 
In comparison to the results obtained 
with the porous bays, this dosage ~4 emed 
rather uneconomical and so no more vault 
fumigations were made with the double 
paper lined bags 

Table 83 indicates that 
fumigation results are realized by leaving 
the sacks undisturbed for a period of a 
week after fumigation. 

The results from the 
periments are as vel inconclusive (Table 
t). However, from the data available, 
there was no significant reduction in the 
\ lability of the seeds of corn, oats, wheat 
and soy be ans (with moisture content safe 
for storage) from fumigations with chloro- 
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germination ex 
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picrin at dosages needed for complete in- 
sect mortality. 
Discusston.-- The data 
table 2 show that the method of fumiga- 
tion must be adapted to the ty pe of sack 
in which the seeds are stored. It is evident 
that the tight, strongly-constructed sacks 
may be fumigated economically only by 
the injection method. This may be accom- 


presented in 


plished with dosages ranging from one to 
three pounds per 1,000 cubie feet depend- 
ing upon the tightness of the sack. A dos- 
age of three pounds Is slightly more than 
one cubie centimeter for ( ach sixty pound 
sack of wheat. The porous sacks are most 
efficiently treated by the vault method, 
requiring dosages of three-fourths of a 
pound to one pound per 1,000 cubic feet 
for complete control. 

The work with the injection method has 

following ad- 
with the vault 
method of The cost of 
equipment necessary for the fumigation ts 
relatively low Only 
dled hypodermic syringe, wit hacapacityvof 
and a gas-mask are needed. 


shown it to POssess the 


Vantages in Comparison 


fumigation | 
a sturdy, long nee- 


about 30 ce.,. 
2) The tight sacks necessary for use in 
conjunction with injection fumigation 
hold down or pract ically prevent the rein- 
festation of the sacked grain after it has 
been fumigated. (3) Small quantities of 
seeds may be economically fumigated. In 
the injection treatment only enough fumi- 
gant for the volume of the sack is used. 
This makes possible the economical treat- 
ment af a single sack. Injection fumiga- 
tion can be of vreat practical value in this 
respect since a dealer can treat all of his 
shipments, no matter how small they may 
be. He might be hesitant, for ceonomic 


Table 4.—The effect of chloropicrin fumiga- 
tion upon the germination of the seeds of oats, 
corn, soybeans, and wheat. Moisture content be- 
low 10 per cent. 
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reasons, to treat such small shipments by 
the vault method. The method may be 
applied equally well to the treatment of 
seeds brought into the seedhouse, in order 
to reduce sources of reinfestation within 
his storerooms. 

The vault fumigation method, in con 
trast to the injection method, presents the 
following advantages: (1) It is not neces- 
sary to perforate the sack to introduce the 
fumigant. (2) The method is 
nomical, particularly when large quanti- 
ties of grain are involved. The porous 
sacks necessary for vault fumigation are 
far cheaper than the gas-tight bags. The 
Osnaburg sack costs approximately eight 


more eco 


cents whereas the double-walled bag costs 
approximately fourteen cents. 

There is one possibility not heretofore 
discussed which is that even a porous bag 
such as the Osnaburg may be fumigated 
by the injection fumigation method pro 
is raised sufficiently. It 
successfully, 


vided the dosage 
would be possible to treat, 
small quantities of secds sucked In porous 
bags, by the injection method, with a cost 
increase of approximately 20 per cent. 

The effect of a fumigant on the viability 
of Various kinds of seeds IS of Importance, 
Chloropierin has been reported in the lit 
erature to have no deleterious effect upon 
the viability of seeds as long as their mois- 
ture content Is low enough for safe storage 
generally considered to be below 14 per 
cent). Thorough airing of the seeds before 
germination ts also essential. The series of 
germination tests run on fumigated seeds 
in connection with this study were not ex 
tensive enough to give conclusive results 
but they indicate the validity of the above 
statement. 


The Black Tlunter. 
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The known as the black 
hunter was first deseribed by Asa Fiteh in 
1855. Fiteh in his original deseription 
called it the “Apple Thrips” and Watson 
1918) referred to it as “The Black Gar 
den Thrips.” The latter writer (1923) re 
named it the “Black Hunter” by which 
name it has since been known. It 
best to continue to use this latter common 
name for Leptothrips mali (Fitch) since it 


thrips now 
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has come into general usage: it 
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SuMMARY.— This investigation was con- 
cerned with the determination of the dos- 
ages of chloropicrin required for the 
control of insects infesting seeds stored in 
various types of bags. Two methods of 
fumigation were used: the injection of the 
fumigant into the sack, and the release of 
the fumigant intoa vault holding the sacks. 

The dosages found necessary for 100 per 
cent mortality of all stages of Tribolium 
castaneum (Hbst.) show that tight bags 
are best fumigated by the injection meth- 
od and that porous bags are most effi- 
ciently treated by the vault method. 

It was found that with either type of 
fumigation considerable post-fumigation 
mortality resulted when the grain could 
be left undisturbed in the sack for a pe- 
riod of at least seven days. 

Of the five insects used in this experi- 
ment, Tribolium castaneum (Hbst.) in all 
its stages seemed the most resistant to 
chloropicrin fumigation. 

Kach of the two methods of fumigation 
was found to have certain advantages not 
possessed by the other. It is believed that 
supplementing one method by the other 
will adequately care for any situation 
where it may be necessary to treat for the 
control of insects infesting sacked grain. 

There is need for more comprehensive 
work on the effect of chloropicrin upon the 
germination of seeds fumigated by the 
two methods described in this paper. 
However, the viability of the seeds of corn 
oats, Wheat and soybeans (with moisture 
content low enough for safe storage) was 
not significantly decreased by chloropic- 
rin fumigation with dosages necessary 
for complete insect control in’ sacked 
grain.—1-6-40. 


Leptothrips mali (Fitch) 


sity of ¢ 
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all confined to apple or garden plants. 
The black hunter is one of the most 
common and widely distributed preda- 
cious thrips in North America. As early as 
1892 it was believed to be beneficial and 
miscellaneous reports concerning its ap- 
parent predacious habit have irregularly 
appeared. Nothing further has been con- 
tributed to its biology. Therefore, as a com- 
panion paper to that on Scolothrips serma- 
culatus (Perg.) (Jour. Econ. Ent. 32(1): 
13-47, 1939), the known facts concerning 
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L. mali are presented here as a contribu- 
tion to our knowledge of beneficial insects. 

Economic Importance.—This insect is 
solitary in habit but very active. Even 
though it occurs in small numbers and has 
a very low reproductive capacity, it is of 
definite value in helping to curb both mite 
and thrips infestations. 

Crawford (1909), Daniel (1904), and 
Moulton (1907) recorded L. mali feeding 
on seales. The writer has frequently ob- 
served the eggs and crawlers of the brown 
apricot scale (Lecanium Bouché 
attacked by both adults and larvae. How- 
ever, the black hunter appears to be of 
minor importance when compared with 
the parasites of the scale. Careful popula- 
tion studies would undoubtedly enable 
one to evaluate properly the relative im- 
portance of the scale predator. Fernald 

1892), Jones (1985), and Plank (1936) 
considered this thrips to be predacious on 
lepidopterous eggs. Jones stated that 1S 
per cent of 122 peach twig borer eggs 
showed evidence of being preved upon by 
L. mali. Our field observations indicate 
that on peaches the thrips chiefly seeks 
out and preys upon mites, red spider eggs, 
and thrips larvae. When unconfined, twig 
borer eggs are laid very irregularly on 
leaves, twigs and fruits and in small num- 
bers. Therefore, they would not ordinarily 
supply a very great source of food for the 
thrips and would be encountered chiefly 
by chance. In contrast to predacious mites 
mali plays a 


corn 


and internal parasites, L. 
very minor part in controlling twig borer 
infestations of any proportions. Sharp 
1938) states that “According to Mr. C. 
B. Nickels of the Bureau of Entomology 
and Plant Quarantine it is an important 
predator on the eggs of the pecan nut case 
hearer.” 

Where red spider infestations are well 
established, particularly web-spinning spe 
cles, this thrips Is largely replaced by Sco 
lothrips sermaculatus, On the other hand, 
the silver or russet mites erlophy ids) are 
preyed upon to a much greater extent by 
L. mali than S. sermaculatus. As a matter 
of fact, the finding of the black hunter 
very often is the index of the presence of 
eriophyids even though they may be pres- 
ent in sufficiently small numbers to escape 
observation. The chief predator of Cale pi- 
trimerus baileyi Keifer, a silver mite on ap- 
ple leaves, appears to be L. mali. In many 


instances observed at Davis, California, 
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by late summer the mite appears to be al- 
most completely controlled. Positive eVi- 
dence of lL. mali feeding upon the grape 
erinose mite, Kriophyes ritis (Landois) 
and the maple erinose mite, EF. ryderi 
Banks has not been obtained but the ae- 
tivity of L. mali on such mite-infested 
leaves infers that its predacious habit is 
extended to these species also. 

Colonies of the western flower thrips, 
Frankliniella Hood, and = the 
grape thrips, Dre panothrips reutert Uzel, 
in cages have been entirely eliminated by 
the black hunter. When unconfined, how- 
ever, on vines and fruit trees, the predator 
appears to divide its activities among 
thrips, mites, and aphis nymphs. It has 
never heen observed as a predator on 
onion, gladiolus, and bean thrips but is 
replaced by .leolothrips fasciatus L. The 
reason for this is undoubtedly that in 
plowed fields where annual crops are 
grown suitable hibernating quarters are 
lacking. The pear thrips appears too early 
in the spring to be attacked by LL. mali. 
When other economic species of thrips or- 
cur on trees and shrubs in major infesta- 
tions in spring and early summer their re- 
productive capacity is so great in propor- 
tion to that of the predator that they are 
but little affected. Therefore, this thrips, 
while definitely predacious and beneficial 
is, in general, of minor importance. 

Biotocy.— The life histories of very 
few predacious tubuliferous thrips have 


moultont 


ever been worked out and so it is IM possi 
ble to say whether or not that of L. mali 
is typical. Like the six-spotted thrips, 
Scolothri ps Terebrantia 
Thripidae) however, the entire life evele 
of the black hunter is usually passed on 
the plants upon which it is found 

The life history data here given have 
been gathered at Davis, California, on ap- 
ple trees during the pitst thre vears The 


sermaculatu 


information is not entirely complete, but 
this thrips has proved to be one of the 
most difficult to rear that the writer has 
vet encountered. Both adults and larvae 
when confined in cages or vials were rest- 
and intent upon even 
though a fresh supply of mite-infested 
leaves Wis made available 

Normally, on deciduous fruit trees, the 
adults (both are in’ hibernation 
from October to March. They find protec- 
tion, and often cluster, under loose seales 
of bark, on the trunk and larger limbs of 


less escaping, 
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the trees. Also, when such places are avail- 
able, they are to be found in cracks in the 
limbs, curled leaves, old spider’s webs, 
and commonly under the shells of old 
scale insects, particularly those that have 
heen parasitized. Andre (1936) found 
adults hibernating in moss in lowa. Wat- 
son (1913, 1918) reported this thrips aec- 
tive all year and the writer has found iso- 
lated adults only active on California lau- 
rel and toyon' during January. Mature 
larvae have not been found in the field 
after October 26; one pupa, however, was 
found as late as October 29. 

In the spring the adults are frequently 
seen crawling about in the fruit buds and 
blossoms from the middle to the last of 
March. As the new leaves come out, adults 
are to be observed running about on them 
in the solitary manner which is their usual 
custom. The earliest that larvae have 
been collected is the last week in April. 
The first generation extends through May 
and the fore part of June. The larvae of 
the second generation appear during the 
latter part of June and early July. The pe- 
riod of greatest abundance of 
this thrips is during the second generation 
after which (during August and early 
September there is a small seattered 
third generation. This condition is appar- 
ently the result of the decrease in the food 
supply or greater dispersion of the thrips 
seeking desirable mites on 
which to feed. 

When the larvae are mature, they mi- 
grate by crawling from the leaves to suita- 
ble protected places on the host as de- 
scribed above for hibernation quarters. 
In some cases, the mature larvae migrate 
a long distance, from the tips of the outer- 
most limbs on large apple trees down to 
the loose bark scales within three feet of 
the ground. On low shrubs and perennials, 
pupae may be found in curled leaves, and 
plant refuse on the ground surface. No cell 


seasonal 


colonies of 


or cocoon is made. 

The reproductive potential is either 
very low or the black hunter has impor 
tant natural enemies yet 
since very few young are produced. It is 
rare to find more than two larvae on the 
largest apple leaves heavily infested with 
eriophyid mites. Adult females, known to 
have mated, in cages in both field and 
laboratory have never given rise to more 
adult females, how- 


unobsery ed 


than one larva each 


hese plants are not ce lu 
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ever, have been collected that had two 
eggs visible in the body cavity). 

In the laboratory the length of the lar- 
val stage, in the few larvae which we have 
been able to rear, has varied from about 
12 to 15 days. In every instance it was im- 
possible to determine the exact day the 
new larvae appeared, but it is very doubt- 
ful that the larval stage will exceed 20 
days. The prepupal stage varies from 2 to3 
days, the first pupal stage 1 to 2 days, and 
the second pupal stage 3 to 5 days. The 
total prepupal and pupal stage lasts 6 to 
10 days. The length of the egg stage was 
not determined because of the extreme 
rarity of the eggs and the difficulty of lo- 
cating them in the cages. The eggs are 
laid singly and apparently at random, 
chiefly on the lower leaf surfaces among 
the pubescence or in an angle of the larger 
veins. Individual adults have been kept 
alive for slightly over three weeks in cages. 
They doubtless live longer in the spring in 
the open and, of course, hibernating indi- 
viduals survive for 4 to 5 months. 

Both larvae and adults can survive for 
a short time on plant fluids alone. Individ- 
uals confined on apple leaves free of mites 
have lived as long as five days. Cannibal- 
ism has not been noted. The adults 
migrate by flying as well as by running. 
Flight is rarely observed except under 
very adverse conditions and unusually 
warm weather. 

DistrinutTion.—The black hunter is 
apparently a native of North America but 
is also recorded from Panama, Barbados, 
Honduras, and Brazil. In North America, 
in addition to the United States, it is 
known from British Columbia and On- 
tario in Canada, and from Mexico. L. 
mali is one of the most common tubuli- 
ferae in the United States and has been 
collected in California, Connecticut, Dis- 
trict of Columbia, Florida, Georgia, Ida- 
ho, Illinois, Indiana, Towa, Louisiana, 
Massachusetts, Maryland, Michigan, Mis- 
sourl, Nevada, North Carolina, New 
York, Ohio, Oregon, Pennsylvania, South 
Carolina, Tennessee, Texas, Utah, Vir- 
ginia, Washington, Wisconsin, and Wy- 
oming. In other words, it undoubtedly oc- 
curs throughout the United States. It is 
rather strange that this thrips has not 
been introduced in Europe and become 
established. 

In California the black hunter is widely 
distributed and has been collected com- 
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monly from San Diego County to Lassen 
Park and from the ocean beach in Los An- 
geles County to Sonora Pass (9000 feet 
elevation). It is found in cultivated or- 
chards as commonly as on native trees, 
shrubs, and flowers in their native habi- 
tat. The distribution of the thrips is ap- 
parently not regulated by any narrowly 
defined limitations of hosts or climate. 
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Hosts.—The plants on which this pre 
dacious thrips has been collected are as 
follows: .lcer glabrum, alder, alfalfa, .1m- 
hrosia, Amelanchier, apricot, apple, Ir 
temesia tridentata, ash, Atriple r, avocado, 
azalea, basswood, beans, birch, boxelder, 
Cassia, Cedrus, Sp., 
chamise, cherry, chrysanthemum, citrus, 
coffee bean, corn, cotton, Crataegus, Cro- 
talaria, dogwood, Eriogonum Sp. fig, fir, 
cultivated and wild), 


('¢ rcis canade WNIS, 


Frarinus, yrape 
LTasses, Indian pipe, Indian tobacco, lu 
pine, Magnolia grandiflora, Malra, maple, 
Spanish moss, miner’s lettuce, morning 
glory, mule fat, mustard, nectarine, oak, 
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peach, pear, pecan, pine, Plantago Sp., 
plum, prune, Russian thistle, sage, Sol- 
sycamore, toyon, turnip, 
major, Walnut, and willow. 

The insects upon which L. mali has 
been observed to feed are: eggs of the 
brown apricot and black scales (and pos- 


anum, Vinea 


sibly those of yellow scale) and of peach 
twig borer, walnut’ aphis nymphs, and 
- ~ 
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adults and larvae of Frankliniella moul- 
font Hlood and Dri panothrips re uteri | ze\ 
in cages. This thrips also is a predator of 
the pecan nut case-bearer. Fernald (1892 
thought that the black hunter was pre- 
dacious on the eggs of the gypsy moth. 

In addition to the 
predator is known to feed on the eggs of 


above insects, this 


the common red spider, Tetranychus te- 
larius (L.), the almond mite, 
Briyobia practiosa Koch., and the mite 
Calepitrimerus baileyi Keifer 

Taxonomic Posrrion.— / 
longs to a small genus, closely related to 
the large genus Haplothrips which is in- 


brown 


mali he- 
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cluded in the tubuliferous family Phlaeo- 
thripidae. The synonymy? of the black 


hunter is moderately involved. The other 


North American species of Leptothrips are 
heliomanes, ortbate 3. larreae. pa pago, aca- 
ciae, and oregonensis, all described by 
Hood. Nothing is known concerning the 
biology of these species. 
DESCRIPTION OF STAGES. 
L. mali (Fig. 1—1/) is slender, sharply 
pointed and metallic blue-black in color 
by reflected light. In length the adult fe- 
male is about 1.5 to 1.75 mm. To the un- 
aided eve the entire insect appears a uni- 


form black with silvery-white wings. 
Under magnification (and transmitted 


light) a purple or reddish pigment can be 
seen distributed throughout the entire 
hody. The dorsum of the head and the 
pronotum are cross-striate. The antennae 


are brown to vellowish brown with sey- 
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ment III the lightest, one small sensory 
cone on segment III, 3 cones on segment 
IV, and 2 cones on segment V (Fig. 1—). 
(Some specimens differing in no other vis- 
ible characters have 4 cones, two dorsal 
and two ventral, on the fourth segment 
(as does also L. oregonensis Hood). The 
hind margin of the fore wings has 3 to 8 
accessory or intercalated bristles on the 
fringe near the tip. All tarsi have small, 
curved hooks or claws (Fig. 1—2), usually 
flattened against the side of the tarsus. A 
technical description of the adult can be 
found in Hinds’ Monograph (pages 205 

206) and the male genitalia have been il- 
lustrated by de Gryse & Treherne (1924). 

The egg is translucent white, oval and 
about 0.481 mm. in length. 

Newly emerged larvae are almost color- 
less but after feeding soon acquire a red- 
dish orange pigment which in the second 
instar is a uniform maroon color. There 
are two tarsal hooks on all legs, together 
with a long, blunt bristle at the tip of each 
tarsus (in both larval instars). There are, 
however, distinct differences in the an- 
tennae and bristles by which the instars 
can be separated. The mature larva is il- 
lustrated in figure 1—4. 

The pupal stages also are maroon in 
color with the appendages yellowish white. 

1-6-40. 
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Studies made on the insect fauna of 
northern and southern Michigan trout 
streams since 1933 have shown that cer- 
tain characteristics of bottoms, tempera- 
tures, pli and other factors, determine the 
numbers and kinds of present. 
With this in mind, trout stomach analyses 
were made to determine the numbers and 
kinds of insects eaten by brook, brown 
and rainbow trout. 

The data presented were obtained from 
the examination of 1,548 trout stomachs 
collected in both northern and southern 
Michigan trout streams. The principal 
objective of this investigation was a com- 
parison of the numbers of insects eaten by 


insects 


the various species of trout. 

The material for this investigation was 
collected from May 1 to the first week in 
October over the years 19388-1939 by 
fishermen. The method used in collecting 
the fish stomachs analyzed was to place 
labelled bottles along the streams at stra- 
tegic points and depend upon fishermen 
to deposit the stomachs of their catches. 
This has been successful in most cases, 
and has enabled us to get a good cross- 
section of the insects consumed by trout 
in over 35 trout streams in northern and 
southern Michigan. 

All of the stomachs collected were from 
trout seven inches to 23 inches in length. 
Of the total secured there were 8&8 brook 
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trout, 290 brown trout and 368 rainbow 
trout. These stomachs were placed in a 
preservative as collected and their con- 
tents examined and determined later, in 
the laboratory. 

Table 1 lists the insects found in brook 
trout stomachs along with the percent- 
ages of each. 

According to this tabulation the largest 


Table 1.—Insects and other animals eaten by 
888 brook trout. . 





NUMBERS Per Cen 
Tri hoptera $4,172 54.69 
Other Animals , S62 27 94 
Diptera 1,312 10.90 
Hemiptera 1.096 9.11 
EK phemerida S24 6 86 
( oleoptera 637 5.29 
Hymenoptera ad | > 4 
Plecoptera 111 td 
Odonata 76 63 
Neuroptera +t 7 
Orthoptera KS ah 
Lepidoptera 7 1 
Homoptera 2] 17 
Unknown 13 11 

Total 12,031 





number of insects were Trichoptera (ead- 
dice flies), Diptera (midges) and Hemip- 
tera (corixids), but table 1 shows that 
other animals, mainly Crustacea and Mol- 
lusea, were second. This is unusual as on 
most of the streams from which the brook 
trout were taken either Ephemerida or 
Diptera were second in numbers but from 
stream, Silver Creek in Allegan 
County, Southwestern Michigan, it was 
found that there were 1.139 eaddice fly 


one 
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larvae and 2,187 other animals, mainly 
Crustacea and Mollusca, in the stomachs 
of 179 brook trout. However, the waters 
of some southern Michigan streams are 
perhaps more suitable to Mollusea and 
Crustacea than others and this may ex- 
plain the apparent discrepancy. All analy- 
ses of trout stomachs taken from northern 
streams showed either Diptera or Ephe- 
merida second in numbers in brook trout 
stomachs. We have supported the stom- 
ach analyses by bottom samples taken 
monthly from northern and southern 
Michigan streams and found that molluses 
and crustaceans are more abundant in 
than in the northern 


some sout hern 


streams. 


Table 2.—Comparison of land and aquatic 
insects eaten by 414 brook trout. 





LAND AQuATi 
INSECTS INSECTS 


19.14 Per Centr 80.86 Per CEN1 


Per Per 
No (ent No Cent 
Irie hoptera Gl S42 2. 412 78.87 
Ephemerida nb 13.26 100 15.08 
Plecoptera 32 +. 41 22 72 
Hemiptera oz 7.18 66 2.16 
Coleoptera 150 20.75 OS 
Diptera 121 16.71 iz 2 05 
Neuroptet i 0 25 RY 
Odonata 7 7 22 72 
Homoptera 11 1.52 0 
Orthoptera 19 2.62 
Hymenoptera Los 21.14 
Lepidoptera Is 2 at) 
Other Animals } 3 9 29 
Potals 724 } 058 





In early analyses of fish stomachs from 
northern Michigan the 
vided into land insects*® and aquatic forms 
and in 414 stomachs analyzed (Table 2), 
80.86 per cent were aquatic forms, while 
19.14 per cent were land insects. Of the 
aquatic forms 78.87 per cent consisted of 
caddice flies while the land insects were 
made up of 21.14 per cent Hymenoptera 
ants) and 20.73 per cent Coleoptera; 
Ephemerida adults and Diptera followed 
in order. At the present time we are trying 
to collect material from stomach analyses 
from October to May which should give 
us additional information as to the feeding 
habits of trout in Michigan during the 
colder months of the year. 


insects were di- 


The te nd inseets includes both the tr il terrestrial 
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Table 3.—Insects and other animals eaten by 
290 brown trout. 





NUMBERS Per Cent 
Trichoptera 728 28.68 
EK phemerida 678 26.71 
Diptera 252 9.94 
Odonata 212 8.36 
Coleoptera 163 6.42 
Other Animals 161 6.34 
Hymenoptera 98 3.86 
Plecoptera 93 3.66 
Orthoptera ++ 1.7 
Hemiptera 39 1.54 
Unknown 25 .99 
Neuroptera 15 .59 
Homoptera 14 55 
Lepidoptera 12 47 
Mecoptera 4 16 


Total 2 538 





Detailed in table 3, the 290 brown trout 
stomachs differ in contents from the brook 
trout stomachs in table 1 in that the rela- 
tive numbers of Ephemerida and Trichop- 
tera vary, but the analyses show that 
28.68 per cent consisted of Trichoptera 
and 26.71 per cent Ephemerida. Diptera 
were third with 9.94 per cent. Of the total 
animals found in brown trout stomachs, 
92.67 per cent are insects, whereas in 
brook trout only 72 per cent of the ani- 
mals consumed consists of insects. 

The comparison between land and 
aquatic insects eaten by 196 brown trout, 
shown in table 4, indicates that 30 per 


Table 4.—Comparison of land and aquatic in- 
sects eaten by 196 brown trout. 





LAND 
INSECTS 
29.50 Per CENT 


AQUATIC 
INSECTS 
70.50 Per Cent 


Per Per 
No Cent No. Cent 

Trichoptera t 74 547 42.47 
Ephemerida 55 «10.21 563 43.71 
Plecoptera 29 5.38 51 3.96 
Hemiptera 9 1.67 22 1.71 
( ‘oleoptera SY 16.51 14 1.09 
Diptera 16 $8.53 29 2.25 
Neuroptera 5 93 10 78 
Odonata 174 $2.29 29 2.95 
Homoptera 13 2.41 0 0 
Orthoptera $l 5.75 
Hymenoptera 69 12.80 
Lepidoptera 9 1.67 
Mecoptera t 74 
Unknown and 

Other Animals 2 37 2% 1.78 

Totals 539 1,288 
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Table 5.—Insects and other animals eaten by 
368 rainbow trout. 
NUMBERS Per Cent 
Trichoptera TO 33.76 
Diptera 658 28 05 
Ephemerida R51 14.96 
Coleoptera 211 SOS 
Hymenoptera on +.22 
Other Animals St 3.58 
Plecoptera 7] > 26 
Hemiptera 39 1.65 
Odonata 22 oF 
Unknown 21 A 
Neuropter: ‘ 25 
Orthoptera } 7 
Homoptera t 17 
Lepidoptera ? oo 
Total > S46 
Not N \ | \ 
ther satic pl 
cent are land forms including Odonata 


damsel flies), Ephemerida and Hymenop- 
tera (ants and bees). \quatic forms large- 
ly May fly nymphs and caddice fly larvae 
made up 75 per cent; in fact, 86 per cent 
of the aquatic insects eaten belong to 
these two groups. From table 4 it is 
apparent that insects floating on the sur- 
face or dipping into the water fall prey to 
brown trout, especially damsel flies on the 
wing. Studies are being made of the 

sects eaten in winter by brown trout. 

Table 5 shows that the insect food of 
rainbow trout closely resembles that of 
brook trout, although the give 
the impression that this species of trout is 
a more general feeder than brook and 
brown trout. Examination of table 3 re 
veals that of the 368 rainbow trout stom 
achs analyzed 33.76 per cent of the total 
insect content Trichoptera while 
28.05 per cent was Diptera. 

Of the land and aquatic insects eaten by 
rainbows as shown in table 6, we find that 
$1.88 per cent were land forms made up of 
five or six orders rather than two or three 
as in the ease of brook and brown trout 
This table also shows that fewer 
insects are In general, 1 
said from a consideration of the analyses 
that the data are less conclusive than in 
the cases of brook and brown trout. 


also 


analyses 


Was 


aquatic 


eaten. mav be 


Alabama, Ulinots, and 


tandardized quaran 


officials of 
vised their 
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Missouri, have re 
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A summary of the insects consumed by 
the three species of trout in our Michigan 
streams, as evidenced hy ani ily ses of 1548 
stomachs, indicates that certain kinds of 
insects are caten in very large numbers by 
brook and brown trout, but that rainbows 
are more or less general feeders: also that 
the insects eaten are similar in our north- 
ern and southern streams. 

\ reconsideration of the tabular mate- 
rial brings into relief many other facts re- 
garding the animals recovered from the 
trout stomachs. It is apparent, for exam- 
ple, that in the material examined insects 
far outnumbered all other animals: 71.95 
per cent of the total in brook trout - 92.67 
per cent in in brown trout: 95.49 per cent 
in rainbow trout. Dividing the insects 
from these 908 trout stomachs (Tables 2. 
+t, 6) into land and forms shows 
that a fairly large proportion of 


aquatic 
insects 


Table 6.—Comparison of land and aquatic in- 
sects eaten by 298 rainbow trout. 





1" Per 
N ('¢ N (Cent 
Prichoptera 74 21.009 Sz 77.60 
KE phemerida 110 3 2 6.95 
Plecopter i 9 > Ob 4 t.55 
Hemipter AD 2. 85 s 1.08 
( oleoptera 22 It Si Is 2.40 
Diptera ) 1.42 4 >.20 
Ne uropter | 2s ; HW) 
Odonata } S35 |2 1 oo 
Homopter 4 a “ 
Orthopter ) 4 
Hymenopter nar 1 
Lepidopter 4 , 
Other Animals } 1 lo 7 2. 26 
Potals aD 70 





eaten by trout ts made up of land forms. 
Terrestrial provided TO.14 per 
cent of the insects eaten hy brook trout: 
29.5 per cent of those found in the stom- 
and SLSS per cent of 
those recovered from rainbow trout stom- 
achs. These facts indicate that insects are 
a most important fraction of the 
found in the 


species 


achs of brown trout. 


animals 
trout stomachs examined. 


1-6-40. 
regulated areas States and counties found eligible 
for release under the Federal-State survey for the 
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K;xternal Parasites of Sheep in Illinois: 
Dipping Vat 


\ Portable 
W. E. McCautey 


For many vears the literature dealing 
with animal parasites has contained many 
generalized statements relative to the dis 
tribution and abundance of external para- 
sites of sheep. Lugger (1897) wrote of 
sheep parasitism in Minnesota “the sheep- 
tick is a veritable pest, especially in the 
spring on the younger animals. Sheep al- 
ways ke pt in stables are almost free from 
such parasites, which seem to require con- 
ditions only found upon pasture.’ Niles 

1897) said of parasites of sheep “the ticks 
are familiar parasites to almost every 
sheep owner. They are very pre valent in 
lowa and are found wherever sheep are 
kept. The sheep-louse is plentiful on sheep 
coming in from Canada but is not men 
tioned as troublesome on our native sheep 
by our correspondents.” Others as Niles 
1900), Neuman (1907), Swingle (1918 
Imes 1917), and Mote 1922 briefly 
mention the abundance of sheep-ticks 
where sheep are kept, usually stating that 
the open wool breeds are more susceptible 
than close wool breeds. In no case were 
the statements based upon specific inves 
tigation but rather upon information 
gathered from sheep raisers and shearing 

crews or from correspondence 

SURVEY oF Parasites.—Beecause of 
this lack of conerete information regard 
ing the prevalence of sheep parasites, Cs 
pecially in the corn belt states, the follow 
ing survey was conducted. This work was 
made possible by cooperation with the 
Animal Husbandry Department of the 
University, the survey being conducted as 
a minor part of regularly scheduled exten 
sion meetings in’ the more important 
sheep-raising counties in the southern half 
of lines. The flocks examined were not 
selected for any particular reason except 
that the owners were active in the exten 
sion program of the College of Agricul 
ture. | ndoubtedls the average quality of 
sheep scCenl during this period would be 
somewhat better than that for the entire 
state, but strangely enough there was lit 
tle if any correlation between the quality 
of sheep and the presence or absence of 
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parasites particularly from the standpoint 
of purebreds vs. crossbreds. The examina- 
tions were made during the months of 
June and July. The map (Fig. 1) shows 











hic. 1. Sheep parasite survey. Shaded areas indi- 


cate counties surveyed 


the counties in which examinations were 
made during the two years 1938 and 1939. 
There was much variation in the size of 
the flocks and only a few individuals were 
examined from any one flock. All cases re- 
ported are from breeding flocks, shipped- 
in feeder lambs not being considered in 
these figures as they represent another 
problem and in many instances have been 
dipped in transit so their condition would 
not be representative. 


IAT 
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Because of the obscurity of the breed- 
ing of many of the flocks examined, no at- 
tempt has been made to correlate the 
presence or absence of ticks with the 
breed. It can be stated, however, that the 
predominant breeds were Shropshire, 
Hampshire, and mixed western “white- 
faced” (probably Merino) strains. Other 
breeds seen were Southdowns, Dorset 
Horns, and Oxfords. 

Lambs were chosen at random from 
each flock for examination as it was found 
that the freshly-shorn mature sheep were 
almost always free of ticks though the 





Fic. 2.—Portable dipping equipment in traveling 


position (note the front end gate removed to lower 
wind resistance 


lambs in the same flock might carry doz- 
ens of parasites. Each lamb selected was 
carefully examined for lice and ticks, the 
short-wooled portions of the bods recelv- 
ing attention in all cases. Despite this at- 
tention to possible presence of lice only 
three flocks were found to be infested with 
these parasites and only one of the three 
was seriously infested, The biting lice, 
Trichodectes ovis L., were the only lice 
found, neither of the sucking forms being 
seen on any of the 90 flocks examined. 
The results of the survey indicate that 
the sheep tick or ked, Melophagus orinus 
L.), is by far the most important external 
parasite on farm flocks in Illinois. Of the 
90 flocks seen only 18.9 per cent were 
found free of sheep ticks, 17.8 per cent had 
a light infestation, 28.9 per cent a moder- 
ate infestation, and 34.4 per cent were 
severely infested. The categories of light, 
moderate and severe were arbitrarily 
taken to indicate an average of less than 
five ticks per head as light, five to 20 ticks 
as moderate and 20 or more as severe. It 
was considered that in the case of either a 
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moderate or a severe infestation the own- 
er would be justified in dipping. 

The relatively high percentage of farm 
flocks which were found infested is prob- 
ably due to the laxity of flock owners jn 
Illinois SO far as dipping is concerned. In 
many instances abandoned dipping equip- 
ment was found rusting away, its use hay- 
ing been abandoned since sheep scab has 
ceased to be a major problem. It is felt 
that dipping for control of the sheep tick 
is certainly justified. It was to encourage 
community effort that the portable dip- 
ping equipment herein described was de- 
veloped. This dipping vat and draining 
platform was used in dipping demonstra- 
tions as a part of the previously men- 
tioned extension meetings. In some other 
states this project has proven quite valua- 
ble to the sheep industry. 

PortTABLE Diprinc Var.—The porta- 
ble sheep dipping outfit (Fig. 2) was eon- 
structed at the | niversity of Illinois by 
the Animal Husbandry Department at a 
cost of approximately 8270 for materials 
and labor. Since this equipment was 
planned for use in demonstration work 
throughout the state, long hauls at fairly 
rapid speed were anticipated; construc- 
tion, therefore, was more expensive than 
if the equipment had been for use within 
one community. State highway laws in 
Ilinois require on trailer equipment of 
this weight a brake, numerous lighting ef- 
fects, and a license. With the exception of 
the license these items might be over- 
looked on equipment which would prob- 
ably be used only on local roads and in the 
daytime. To. satisfy requirements for 
brake equipment a standard Plymouth 
axle and wheels were purchased along 
with a Bendix air brake, trailer hitch, fifth 
wheel, and jack from a trailer manufae- 
turing company. These initial items were 
obtained at a cost of approximately S100. 

It is estimated that for local use similar 
equipment without brakes and of some- 
that less weight could be constructed at a 
cost of approximately $150. 

An angle iron frame, electrically weld- 
ed, was constructed on the axle. This 
frame Was designed to support a platform 
6 feet wide and 12) feet long at a height 
33 feet above the axle so as to aecommo- 
date a dipping tank 34 feet deep. The low- 
er part of the frame, made of 3-inch angle 
iron, was 4) feet wide on the axle and 7 
feet long. The other parts of the frame 





June 1940 


consisted of 2-inch angle iron braces ex- 
tending upward and outward to support 
the platform frame. The axle was at- 
tached well toward the rear of the frame, 
throwing considerable weight forward, 
thereby adding traction to the automobile 
to which the trailer was attached. 

The dipping tank, 7 feet long and 2 feet 
wide at the top, 35 feet deep, 3 feet long 
and 8 inches wide at the bottom, was 
mounted in the extreme left of the welded 
frame, the bottom of the tank resting on 
the lower part of the frame and the top 
flush with the top of the platform. This 
tank was made of sheet iron, electrically 
welded, with bars welded perpendicular at 
intervals on the outside to prevent bulg- 
ing and breaking at the corners when the 
tank was charged with dip. 





| ’ Dipp ny vatin use shown 
position of operators 


I 


\ draining floor of 53) inch tongue and 


LTOOVE material Was bolted to the top of 


the welded frame, the front end of the 
floor being elevated 12 inches. Around the 
edge a 2 by 4 was bolted flat to the floor to 
hold exeess dip on the platform. \ 28- 
inch fenee of light ply hoard supported 
by 1) inch pipe welded to the top of the 
frame was constructed around the plat- 
form. The only openings were the 7 foot 
space at the left side of the dipping tank 
Fig. 4) and the 2-foot space at the rear of 
the platform and directly behind the tank 
\ similar fence also separates 
the drain floor and the dipping tank (Fig. 
t); a 5-foot continuation of this section, at 
the rear, was hinged to allow the sheep to 
pass from the drain floor into the chute 
Fig. 5) through which they entered. 

The chute, 2 feet wide and 9 feet long. 
was built of light wood with collapsible 


sce Fig. 3). 


sides so as to accommodate itself to any 


angle between the platform and the 


MeCacitey & RusseL_i: PortTABLE DippInc VAT FoR SHEEP 








Overhead view showing the drain- 
floor capacity and its relation to the vat. 


Bic } 


ground. The chute has 32-inch sides, each 
supported by four uprights. It attaches to 
the platform by hooks at the bottom and 
the collapsible sides are held in place by 
iron rings which fit over the pipes sup- 
porting the platform fence. 

Short pieces of 2 by 4 were bolted to the 
frame on the left side of the dipping tank, 
the free ends being attached to chains. 
These swing out and support a plank upon 
which the operator stands when the 
equipment is in use (Fig. 3). The sheep are 
driven up the chute to a small landing at 
the rear of the vat. 

After arriving upon the platform from 
the chute, each animal is caught by the 
throat or by a foreleg, pulled into the dip- 
ping vat and held momentarily to insure 
thorough soaking. The head is then im- 
mersed, after which the sheep is allowed 
to go up a creep board to the drain floor. 
This floor will accommodate 25 to 30 lambs 
or 15 to 20 mature sheep (Fig. 4). Return 
of the excess dip to the vat was accom- 
plished by making a “set” with the left 
wheel slightly lower than the right and 
adjusting the screw jack on the trailer so 





Fic. 5.--Illustrating the dual purpose chute and 
swinging door which holds the dipped animals on 
the platform until sufficient draining has occurred. 
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as to cause the dip draining from the — time for setting and reloading is required, 
sheep to run forward. The upward slope This equipment, loaded, weighs 1,770 
at the front end of the platform directs pounds. For moving long distances the 
the flow toward the vat. front and rear sections of the platform \ 

j 


The vat holds 150 gallons when filled to | fence are removed or swung in line with 
within 5 inches of the top. This amount of — the sides to lower wind resistance (Fig. 2), 


_ 


dip is sufficient for 75 to LOO ewes and Three men are sufficient to operate this 
lambs, especially if the ewes are in short outfit. Approach pens must be provided 
fleece and are separated from the lambs — with a dividing gate to keep the dipped 


so that they may be dipped first. The animals separate from the others. This did 
lambs, being smaller, can be immersed in not prove troublesome as most farms have 
less dip. available a few portable gates which may 

The advantages of this outfit over most) be wired in proper positions. During the 
others now in use are: that in most cases, demonstration work as many as. three 
dipping can he done without unhitehing flocks, totaling 500 head, were dipped in 


the trailer; the large drain floor accommo- — one day, in addition to other duties as- 
dates more sheep, thus speeding up the — sociated with extension meetings covering 
operation; the 150-gallon tank is a con- sheep management, marketing, and. in- 
venient size for mixing most standard ternal parasite control 

packages of dip; only one chute is used, Much interest was displaved in the 
compared with two on most other porta- equipment, and it appears that several 
ble outfits; there is very little prepara such vats may be in operation in Hlinois 
tion necessary therefore a minimum of — within a vear’s time 1-6- 40 
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The Effects of Ingestion of Black Widow Spiders | 
with Canned Food 
W. B. Hervs, Barnars C. Melvor and Cuarces Lapenuerm, | f ( B 


Rigid federal and state Inspection has been put before subjecting the foods to the 
practically eliminated the inclusion of | customary heat sterilization treatment. 


insects and insect parts from canned Even though the spiders involved in 
foods. Although the evidence is not con the reported cases may not have been 
vineing, several alleged cases of gastric venomous species, it was decided never- 


disturbances have come to the attention — theless that tests should be made with our 
of the authors, said to have been due too most) venomous species, the “black 
the presence of “black widow spiders” in widow.” Latrodectus mactans. White mice, 


canned foods. guinea pigs and a rhesus monkey were 
A positive identification of spider parts used as experimental animals, particu- 
appendages) which came to hand, al- larly the first beeause they are highly sus- 


legedly from canned spinach, could not — ceptible to black widow venom, the bite 
be made, although these were reported proving fatal in our experience in nearly 
to be from the “black widow.” The ac- 95 per cent of the cases. More than 60 
curacy of the identification was assumed — per cent of the mice die within 60 hours 
and it seemed appropriate to conduct a — after the bite; over 40 per cent between the 


series of tests to determine what possible tOth and 50th hours } 
ill effects might result from the ingestion INGESTION OF Raw Miacervrep Venom 


of canned foods into which spiders had = Sacs (June 7 to D4, 1989 \. A pair of 





Heres et al.: Errects o1 
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yenom sacs from a normal adult female 
black widow spider Was macerated in 1 ce. 
of distilled water. At 2:07 p.m. 0.5 ec. of 
the mixture was given orally to a white 
mouse Weighing $0.2 grams. 
discomfort or other symptoms followed, 


the mouse remaining normal to end of 


observation period, One hour after drink- 
ing the venom mixture, the mouse was 


placed on its normal diet: it ate with 
relish. 

B. A pair of venom sacs from a normal 
adult fe male black widow spider Was 


macerated in lee. of normal saline. At 
2:14 p.m. 0.25 ec. of the mixture was given 
orally to a mouse weighing 22.75 grams. 
The mouse showed no signs of discomfort 
after this treatment and was placed on 
normal diet one hour later. [t remained 
normal to end of test period 

oe \ third HOuUse weighed Y0.5 OTUs, 
was given orally 0.25 ec. of saline-venom 
mixture and 0.5 ce. of the distilled water 
venom mixture at 2:15 p.m. Placed on 
normal diet it remained normal to end of 
test. period 

INocuLaATeD Boitep Maceratrep Whole 
Spiper. (June 13 to 14 One adult black 
widow spider was boiled for eight minutes 
ind ce, of tap water. The spd r was then 
macerated in the liquid in whieh it had 
boiled and the supernatant fluid 
injected into two mice. 

A. Weight of 24.8 
ceived 0.5 cc. of fluid intraperitoneally at 
11:18 a... June 18. Remained normal on 
normal cliet to end of test pe riod 
14). 

B. Weight of mouse 


ceived 0.25 ce 


been 


TOuse vratns, re 


June 


51.95 
of fluid intraperitoneally at 
11245 au... June 18. Remained normal on 
normal diet to end of test ye riod. 

INGESTION oF Boitep Wot 
June 9 to 4 Two adult female black 
widow spiders were boiled for five minutes 
In LO ce. of tap water. Mice fed, as fol- 
lows 

\. Weight) of 
allowed to eat one of the spiders; it re 
mained end of test 
June 14. 

B. Weight of mouse 18.0 grams: drank 
0.5 ce. of the liquid in which the spiders 
had been cooked and remained normal to 
end of test period, 

48 Weight of mouse 14.9 
fused to drink the fluid) in 


yramis, re- 


SPIDER 


mouse 20.2 grams: was 


normal to period, 


grams: re 
which the 


spiders had been boiled 


Buack Wipow Spipers In Foop 


No sIgns of 





551 


ID). Weight of mouse 13.4 grams; drank 
0.35 ec. of the liquid in which the spiders 
had been cooked and remained normal to 
end of test period. 

Kk. Weight of mouse 13.2 grams; ate 
one of the spiders and remained normal to 
end of test period. 

Tests To DererMIne DistriBUTION 
oF VENOM IN THE Bopy OF THE SPIDER. 

A. Mouse inoculated intraperitoneally 
with 0.5 ce. of supernatant fluid obtained 
after macerating the abdomen of an adult 
female black widow spider in 1 ee. of dis- 
tilled water. The mouse developed typical 
symptoms of black widow spider poison- 
ing, although the symptoms were not 
severe. The mouse recovered. 

B. Mouse inoculated intraperitoneally 
with 0.5 ce. of supernatant fluid obtained 
after macerating the abdomen of a second 
black widow spider in 1 ec. of distilled 
water. As in the other mouse, typical 
symptoms developed, also not severe, and 
the mouse recovered. 

C. Mouse received intraperitoneally 
0.5 cc. of the supernatant fluid resulting 
from the thorax (minus venom sacs) of 
an adult’ female black widow spider 
macerated in 1 ce. of distilled water. 
Mouse developed typical symptoms of 
spider poisoning; it recovered. 

I). Mouse received  intraperitoneally 
0.5 ce. of the supernatant fluid resulting 
from the maceration of the thorax of an 
adult female black widow spider after 
the venom sacs had been removed in 1 ce. 
of distilled water. Again typical symp- 
toms of black widow poisoning developed, 
and like the others the mouse recovered. 

kK. Mouse received subcutaneously 0.55 
ec. of the supernatant fluid resulting from 
the maceration of a whole adult female 
black widow spider in 1 ce. of distilled 
water. The mouse died about 60° hours 
after the inoculation. Post =mortem 
showed congestion of the lungs, serous 
sanguinous fluid in the peritoneal cavity 
and petechiae in the intestinal wall. 

INGESTION OF BLack Wipow Spipers 
with CANNED Sprnacu* (June 8 to 14). 

1. A living adult female black widow spider 
was packed in the center of a can of spin- 
ach prior to sealing and cooking in a re- 
tort in the usual manner. When the can 
was opened the spider had taken on a 


11 inclusive the spinach was subjec ted 
ess in the National Canners Associa 
ies in San Francisco 
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deep reddish brown hue in place of the 
normal glossy black; it was very pliable. 
Net weight of contents of the can of 
spinach was 10.514 drained 
weight was 8.915 oz. 

A. Mouse weighing 28.45 grams ate, 
1.10 grams of the spinach. Remained 


oz.: the 


normal. 

B. Mouse weighing 26.7 grams ate 0.5 
grams of the spinach. Remained normal. 

(. Mouse weighing 43.75 grams ate 
0.3 grams of the spinach. Remained nor- 
mal. 

ID). Mouse weighing 21.8 grams drank 
0.75 ec. of the liquid from the spinach. 
Remained normal. 

KE. Mouse weighing 20.15 grams drank 
0.75 ec. of the liquid from the spinach and 
then ate 1.2 grams of the spinach. Re- 
mained normal. 

IF. Mouse weighing 17.2 grams drank 
0.5 ec. of the liquid from the spinach and 
then ate 1.5 grams of the spinach. Re- 
mained normal. 

G;. Mouse weighing 21.75 grams ate the 
entire spider cooked in the spinach. Re- 
mained normal. 

H. Guinea pig weighing 295.8 grams 
ate 5.35 grams of the spinach. Remained 
normal. 

2. A living adult female black widow 
spider was packed near the top of a can 
of spinach prior to sealing and cooking in 
retort. The net weight of the contents of 
the can was 10.225 oz. and the drained 
weight was 7.826 oz. (June 9 to 14). 

A. Mouse weighing 20.7 grams ate 2.1 
grams of the spinach. Remained normal. 

B. Mouse weighing 17.75 
1.55 grams of the spinach. 
normal. 

C. Mouse weighing 21.3 grams ate 1.50 


vrams ate 
Remained 


grams of the spinach. 

D. Mouse weighing 16.3 grams drank 
0.25 ec. of the spinach juice. Remained 
normal. 

kK. Mouse weighing 16.7 grams drank 
0.75 ce. of the spinach juice. Remained 
normal. 

F. Mouse weighing 14.8 grams drank 
1.00 ce. of the spinach juice. Remained 
normal. 

G. Mouse weighing 26.1 
the entire spider. Remained normal. 

H. Guinea pig weighing 756.1 grams 
te 11.70 grams of the spinach. Remained 
normal. 

3. A gravid adult female black widow 


grams ate 
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spider that had previously killed four 
white mice was placed in the center of the 
contents of a can of spinach prior to seal- 
ing and cooking in retort. On removal 
from the can the spider was intact and 
pliable as were the other spiders similarly 
treated, and the color had changed to 
sepia. The net weight of the contents of 
the can was 10.241 oz. and the drained 
weight of the spinach was 7.798 oz. (June 
9 to 14). 

\. Mouse weighing 19.6 grams ate 1.55 
grams of the spinach. Mouse remained 
normal. 

B. Mouse weighing 19.6 grams ate 0.95 
grams of spinach. Remained normal. 

C. Mouse weighing 24.4 grams drank 
0.6 cc. of the liquid from the spinach. Re- 
mained normal. 

D. Mouse weighing 21.8 grams drank 
0.5 ce. of the liquid from the spinach. 
Remained normal. 

Kk. Mouse weighing 15.1 grams drank 
0.25 ce. of the spinach juice. Remained 
normal. 

IF. Mouse weighing 14.9 grams ate the 
entire spider that was canned with the 
spinach. Remained normal 

(. Mouse weighing 14.9 grams, was 
inoculated intraperitoneally with 0.5 ce, 
of the liquid from the spinach. The mouse 
remained normal. 

Ht. Guinea pig weighing 704.0 grams 
ate 8.2 grams of spinach. The animal re- 
mained normal 

t. An adult female black widow spider 
that had died approximately four days 
previously was placed in the center of the 
pack of spinach prior to sealing and cook- 
ing. Upon opening the can the spider was 
found to be intact and pliable. The net 
weight of the contents of the can was 
10.643 oz. and the drained weight of the 
spinach 7.901 oz. (June 10 to 14 

\. Mouse weighing 14.9 grams ate 0.5 
grams of spinach. The temperature of this 
animal remained normal and there were 
no signs of distress. 

B. Mouse weighing 16.55 
1.22 grams of the spinach. This animal 
shown by general 


grams ate 


remained normal as 
appearance and temperature readings. 
C. Mouse weighing 13.4 grams ate 
1.00 grams of spinach. Remained normal. 
DD. Mouse weighing 13.1 grams drank 
0.75 ee. of the liquid from this can of 
spinach. Remained normal. 
E. Mouse weighing 28.3 grams drank 


—~—_ 
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0.6 cc. of the spinach juice. Remained 
normal. a 

F. Mouse weighing 22.75 grams drank 
of the spinach juice. Remained 


‘ 


0.5 ec. 
normal. 

G. Mouse weighing 24.5 grams ate the 
entire spider packed in the can of spinach. 
Remained normal. 

H. Mouse weighing 20.3 grams was 
inoculated subcutaneously with 0.5. ce. 
of the liquid from the spinach. Remained 
normal. 

I. Guinea pig weighing 735.0 grams 
ate 15.65 grams of the spinach. The ani- 
mal remained normal. 

5. An adult female black widow spider, 
dead for six weeks, was placed in the 
center of a can of spinach before the 
spinach was cooked. The net weight of 
this can of spinach when opened was 
10.208 oz. and the drained weight of the 
spinach 8.017 oz. When the spider was 
exposed by removing the top portion of 
the spinach in the can, it was found to be 
extremely friable. The legs had dropped 
from the body and were lying loose in the 
spinach. June 10 to 14). 

\. Mouse weighing 20.7 grams ate 2. 
grams of the spinach. Remained normal. 

B. Mouse weighing 19.6 grams ate 1.2 
grams of spinach. Remained normal. 

C. Mouse weighing 21.8 grams ate 1.65 
grams of the spinach. Remained normal. 

D. Mouse weighing 18.75 grams drank 
1.00 ce. of the liquid from the spinach. 
Remained normal. 

kK. Mouse weighing 16.0 grams drank 
of the liquid from the spinach. 
Remained normal. 

IF. Mouse weighing 19.5 grams drank 
of the liquid from the spinach. 
Remained normal. 

(;. Mouse weighing 21.48 grams ate 
the entire spider canned with the spinach. 
Remained normal. 

H. Mouse weighing 24.1 grams was 
inoculated intraperitoneally with 0.5 ce. 
of the spinach liquid. Remained normal. 

I. Guinea pig weighing 846.0 grams 
ate 9.25 grams of spinach. Remained 
normal. 

Orner ExXxpertments.—Three mice 
were fed spinach from a “control can,” 
that is, a can of spinach in which there 


~ 
‘ 


0.5 ce. 


0.5 ce. 


had been placed no spider. The net weight 
of the contents of the “control ean” was 
10.122 oz. and the drained weight of the 
spinach was 7.945 oz. 
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A. Mouse weighing 22.4 grams ate 
1.15 grams of the spinach and has re- 
mained normal to date (June 14). 

B. Mouse weighing 21.1 grams ate 1.4 
grams of the spinach and has remained 
normal to date (June 14). 

C. Mouse weighing 22.6 grams ate 1.20 
grams of the spinach. Remained normal 
to date (June 14). 

The can of spinach used in this experi- 
ment contained an adult female black 
widow spider packed in the center of the 
contents and was cooked in the retort. 

The net weight of this can of spinach 
was 10.423 oz. and the drained weight of 
the spinach 7.460 oz. The spider canned 
in the spinach together with three living 
spiders that had been coarsely macerated 
were fed to a young monkey (June 12). 
The monkey showed no symptoms and 
remained normal. 

Discussion AND ConcLuston.—That 
an object the color and size of a black 
widow spider could escape detection dur- 
ing the procedures immediately previous 
to actual canning may perhaps be ad- 
mitted, although in the cases of alleged 
poisoning only spider appendages were 
offered as evidence for identification. 
Positive identification could not be made, 
but assuming that the customer's con- 
tention that it was a black widow spider 
was correct, the tests reported here were 
made with this species. 

The bite of the black widow spider is 
followed by definite symptoms indicating 
a specific venom. Nearly 95 per cent of 
all white mice bitten by the spider in our 
laboratory die of arachnidism within two 
to three days; over 40 per cent die be- 
tween the 40th and 50th hour. 

Experiments performed by D’Amour 
et al. (1936) gave evidence of the extreme 
lability of the venom. Heating to 75 de- 
grees C. for 20 minutes destroved the toxic- 
ity. Heating to 37 degrees C. for 6 hours 
did not destroy the toxicity. Boiling 
the venom for 5 minutes destroyed its 
toxicity. Kellogg (1915) states that arach- 
nolysin IS wholly destroyed if exposed for 
4) minutes to continuous heat of from 70 
to 72 degrees C. It can, however, with- 
stand a temperature of 56 degrees C. for 
1) minutes. The first named authors 
showed that incubation of the venom at 
37 degrees C. for 5 hours, in either a 2 
per cent pepsin or 0.1 per cent hydro- 
chloric acid solution destroyed the toxicity. 
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Tests made with white mice, guinea 
pigs and a monkey give evidence that in- 
gestion of the venom, 7.¢., eating black 
widow spiders, caused no harm to the ex- 


perimental animals. Numerous tests made 
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with experimental animals by allowing 
them to feed on canned spinach or drink 
liquid from canned spinach produced no 
ill effects which could be recognized by 
careful observation. 1-6-40. ) 


LITERATURE CITED 


Becker and W 
125-60 


D’Amour, F. E., F. E 
Biology 11(2 


Kellogg, Vernon L. 1915 Spider potson Jour. of Parasit. 13 


Van Riper 


19386. The black widow spider Quarterly Rev of 


Some Factors in Natural Control of the Southern 
Pine Beetle, Dendroctonus frontalis Zimm. 


L.A 


Hy TRICK, | irqinia 


During the fall of 1938 a study was 
begun of the southern pine beetle in 
Gloucester County, Virginia. Examina- 
tions of the infested pine bark disclosed 
many dead larvae, and specimens were 
sent to Dr. J. G. Harrar, Plant Patholo- 
gist, Virginia Polytechnic Institute. Dr. 
Harrar reported that the larvae were in- 
fested with nematodes and later added 


Table 1.—The mortality* of Dendroctonus 
frontalis, 1939. 





OVERWINTERING 


Broop First Broop 
Number Per Number Per 
of Insects Cent of Insects (ent 
STAGE Examined Dead Examined Dead 
Larva S801 51.3 253 $5.1 
Pupa $15 2.6 227 5.7 
Adult 60 3 227 oo 
Total $274 16.0 707 i+ 4 





* Exclusive of inse« 


that a pathogenic fungus had been re 
covered from a plate of the diseased ma- 
terial. 

Steiner (1982) and Thorne (1935) cde 
scribed nemic parasites of the mountain 
pine beetle, Dendroctonus 
Hopk., but these parasites were of little 
importance in the natural control of the 
bark beetles during their studies. 

MorvTaA.LitTy OF De ndroctonus frontalis. 


monticolae 


Examinations were made to determine 
the mortality of the bark beetles from 
natural causes, (table 1). It was found 


that 46 per cent of the overwintering 
brood and 14.4 per cent of the first 


brood were dead from causes other than 


parasitism by insects. Mortality was 


1 gre ultural } rperime 


; Pow / 


nt Station, We 


highest among larvae, being 51.3 per cent 
for the overwintering brood and $5.1 per 
cent for the first brood. 
NEMATODES. A) study 
determine the percentage of the insects 
that were infested with nematodes. 
Microscopic examinations showed that 
79 per cent of the dead and 37 per cent 
of the living insects of the overwintering 
brood infested Sct table 2 ° Bark 
containing overwintering bro vl Was 
placed in the insectary, and 60 per cent 
of the adults that emerged were infested 
with nematodes. Nematodes were found 
in 68 per cent of the dead and in 27 per 
cent of the living individuals of the first 
brood in the field. They were found in 49 
per cent of the first brood adults emerging 
in the insectary. Owing to the searcity 
of these bark beetle s during the second 
this brood were 


Was begun to 


were 


brood, no. studies of 
mace. 

Specimens of the nematodes and adult 
beetles were submitted to Dr. G. Steiner, 
Principal Nematologist of the Bureau of 
Plant Industry, Washington, D. C. Dr. 
Steiner reports that two species of nema- 
todes were found in the material 
mitted, both of which appear to be new 
species. One is a true endoparasite he- 
fngquillonema; the 


sub- 


longing to the genus 
other form, which bye longs to the yenus 
A phele nehoide Z. only an 
associate of the bark beetles, the larval 
nematodes of this species attaching them- 
selves beneath the elytra of the adult 
beetles for transportation purposes. Steiner 
plans to publish descriptions of these 


appears to be 


species. 

Mitres.—Rust (1985 
CeCOUS mites as destroy ing eyys and young 
larvae of bark beetles, consequently they 


reported preda- 
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should be considered in the natural con- 
trol of these insects. Mites were found 
on the bodies of 17 per cent of the 
new adults of the overwintering brood 
and on G2 per cent of those of the first 
brood of Dendroctonus frontalis emerging 
in the insectary table 2), but no infor- 
mation was obtained on their importance 
in the field. Specimens were determined 
by H. E. Ewing, Entomologist of the 
United States National Museum, as fol- 


lows: two species of the family Parasit- 
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dant. Periods of mild weather during the 
winter months caused the emergence of 
many adult beetles which apparently were 
unable to attack trees at this season. 

It is likely that the parasitic nematodes 
vo through a free-living stage in the course 
of their development and must have 
moisture in the cambium tissues of the 
dying trees in order to make their way to 
the developing The necessary 
amount of moisture in the bark tissues 
is dependent upon sufficient rainfall to 


brood. 


Table 2.—Results of examinations of Dendroctonus frontalis, 1939. 





OVERWINTERING Broop 


Number 


STAGE OO} 


First Broop 


Per Cent Number Per Cent 





IveM INSECT Examined Infested Examined Infested 
Nematodes, dead in Larva 190 80.5 69 65.2 
sects* Pupa 9 t+. 4 1S 84.6 

Adult ; 66.6 0 0.0 
Potal 202 78.7 82 68.2 
Nematodes, living in Larva 139 34.5 30 10.0 
sects Pupa 104 $4.6 as | 138.0 
Adult 29 58.6 187 $1.5 
Potal 272 x7 «I 240 27.0 
Nematodes, insects in Adult St 60.4 349 19.4 
insectary new 
Mites, insects im in Adult 1184 16.8 342 62.5 
sectary new 
Insect parasites All stages $291 0.39 789 10.0 
° Exclus those par 
idae; one of the family Uropinae; one soak the loosening bark. Such conditions 
of the family Dameosmidae; and one — existed in the infested area during the 


of the family Cheltidae, genus Cheltia. 
Insect Panasires.—Insect parasitism 
of Dendroctonus frontalis, all stages, was 
O89 per for the overwintering 
brood and 10 per cent for the first brood. 
The following species of parasites, listed 


cent 


in order of their importance, were reared 
('veloides Ashm.: Cecrdostiba 
dendroctoni, Ashm.; Spathius canadensis, 
Ashm.: Heydenia unica, Cook & Davis: 
Pachycerus ecco ptogasteri, Ratz.; and Den- 
drosoter suleatus, Meus. Determinations 
were made by C. F. W. Muesbeck and 
A. B. Gahan. 


DISCUSSION. 


piss ulis, 


There are several factors 
to be considered in the subsiding of the 
epidemic of southern pine beetle while 
these studies were being made. The near 
normal rainfall undoubtedly had an effect 
on the y itality of the trees. Bird and insect 
predators of the bark beetles were abun- 


winter of 1938-39 and may have ac- 
counted for the high parasitism of the 
beetles by nematodes. 

The information obtained not 
warrant the conclusion that nematodes 
have been a major factor in controlling 
the epidemic of southern pine beetle; 
but this, together with other biological 
factors, is offered as one possible explana- 
tion of the sudden subsiding of the out- 
break. 

Summary.— There was a high mortality 
of southern pine beetle in Eastern Vir- 
ginia in 1939. Two species of nematodes 
were found infesting living and dead bark 
beetles of all stages. Five species of mites 
were found on the bodies of adult beetles 
in the insectary. Insect parasitism was 
negligible for the overwintering brood but 
amounted to 10 per cent for the first 
brood. 1-6-40. 


does 
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Kuropean Elm Bark Beetle and Duteh Elm Disease Control 


KE. P. Feur, Bartlett Tree Research Laboratories, Stamford, Conn 


Shortly after the discovery of the Dutch 
elm disease. Ceratostomella ulmi (Schwarz) 
Buisman, in New Jersey, the writer 
voiced the opinion (Educational Bulletin 
60. Issued November 10. 1983) based on 
field examinations, that the control of 
the disease was largely a problem of con- 
trolling the beetle, Scolytus multistriatus 
Marsham, since the latter appeared to 
be the principal carrier of the infection. 
Subsequent developments have largely 
confirmed this finding and at the same 
time have enabled us to visualize more 
clearly the problem as a Whole. 

SIGNIFICANT Higuiicuts.—The_ pres- 
ence of the Dutch elm disease in the East 
was announced July 31, 1933, in a press 
release by the United States Department 
of Agriculture. Sixty-nine infected trees 
were found in Essex, Hudson and Passaic 
Counties, New Jersey. A release August 
19 indicated that 309 trees had been lo- 
cated in New Jersey and that infected 
elms had been discovered on Staten 
Island, in three localities on western Long 
Island, and in Rye, Westchester County, 
N. Y. Before the vear was ended, 740 
diseased trees were known to occur in 
New Jersey, 77 in New York State, and 1 
in Greenwich, Conn. The next vear, 
namely 1934, 4,377 trees had been found 
in New Jersey, 2,427 in New York, and 
55 in Connecticut (1 was at Old Lyme, 
some 100 miles east from the presumed 
center of distribution). [It is evident there 
must have been an enormous production 
of beetles before such large numbers of 
infected trees were located and destroved 
and this is confirmed by a statement from 
the Secretary of Agriculture of New 
Jersey dated September 27, 1934, to the 
effect that at that time there were still 
2,000 infected elms standing in that state 
and constituting a menace to all surround- 
ing areas. 

BEETLE 
INFECTIONS 


PropuctTion AND DISTANT 
\ statement was made in 


a Dutch elm disease conference held 
November 16, 1988, to the effect that 
600,000 elms in New Jersey had been 
treated with chemicals in the fall of 1936 
and the spring of 1937 to kill the trees 
and prevent breeding of the bark beetles, 
The treatment failed to prevent the 
breeding of the insects which must have 
occurred largely in 1987. It is interesting 
to note that the following vear there were 
over three times as many diseased trees 
found in New Jersey (it was nearly ten- 
fold in Hunterdon County), namely the 
number jumped from 4,830 in 1987 to 
16,248 in 1938. Furthermore, a survey 
showed numbers of infected elms in a 
band a mile wide around the chemically 
treated areas and that 75°) of these 
trees were within the innermost half 
mile, indicating a rapid decline in the 
number of infected trees within a rela- 
tively short distance from the source of 
infection. 

It is important to note that the condi- 
tions in certain parts of the infected area 
in 1983 and 1984 approximated closely 
those which obtained in 1987 and that in 
both cases relatively few diseased trees 
were located at a considerable distance 
from the centers of infection. Reference 
primarily is to the Old Lyme L954 tree 
mentioned above and secondarily to the 
finding in 1988 and 1939 of a seattering, 
sparse distribution of diseased trees in 
Putnam, Dutchess and Ulster Counties, 
N. Y., some 75 miles from the area where 
there had been such a great production of 
European elm bark beetles in 1938 and 
also in the discovery in 1939 of a small 
number of diseased trees in Broome and 
Chenango Counties, over a hundred 
miles from this area of abundant beetle 
production. 

Winps Carry INsects. 
heen a great reluctance to admit the pos- 
sibility of an extended dispersal of beetles 
carrying the Dutch elm disease. It is more 


There has 
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than probable that this does not occur by 
beetle flight as ordinarily understood and 
vet it is within probabilities that such an 
extended distribution could occur and 
probably will occur in the future through 
wind drift; that is the involuntary trans- 
portation of beetles which have been 
raised to some height in the air by con- 
vectional currents and then carried at 
velocities which may run up to 75 or 
more miles an hour. It is easy to see with 
the foregoing in mind how a relatively 
extremely small percentage of beetles 
infected with the disease might be carried 
long distances and since this introduced 
beetle IS considered to he the principal 
vector of the disease, one can hardly 
avoid being impressed by the factors 
cited above and the finding of diseased 
trees at great distances from previously 
known infected areas. We are here more 
concerned with the unusual distribution 
which results in a distant infection than 
the strictly local spread which occurs 
largely through the flight of the beetles, 
and is mostly limited to a distance of a 
half mile or a mile. 

Tue Distrisution Patrrern.—The 
writer has been much interested in wind 
drift and its effect on insect distribution 
for some 20 years. The finding of the 
infected tree at Old Lyme, Conn., in 1934 
led him to suggest the probable carriage 
of the infection by drifting beetles. The 
theory did not meet with general approval 
and yet no more satisfactory explanation 
has been advanced. Nearly 5,000) gas- 
inflated toy balloons bearing tags request- 
ing the finders to return them were liber- 
ated by the Bartlett Tree Research Lab- 
oratories from various localities in the 
affected area in 1986 and the distribution 
pattern was almost exactly that of the 
early spread of the Dutch elm disease 
along the north shore of Long Island 
sound, Balloon liberations were continued 
in 1987 and additional data indicated a 
similarity of distribution with some im- 
portant additional details. Balloons were 
returned this latter year from Broome 
and Chenango Counties, N. Y., areas in 
which diseased trees were found the past 
season. There was another interesting 
phase, namely the return of 12 balloons 
from Rhode Island, from localities well 
distributed over that state and all from 
88 to 115 miles from the point of release. 
This pattern of widely scattered sparse 
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returns at a considerable distance from 
the point of origin appears to have been 
duplicated in large measure by the finding 
of diseased trees, mostly in small num- 
bers, in 1938 and 1939 in all the town- 
ships of Putnam, Dutchess, and Orange 
Counties, N. Y., and in 11 townships or 
a city in Ulster County, N. Y. In other 
words, a general sparse distribution sug- 
gests a distant source of infection. The 
marked extension of the infected area 
recorded in New York State in 1938 and 
1939 may have resulted from the enor- 
mous production of beetles from the 1936 
and 1937 chemically treated trees in New 
Jersey. 

ConTROL OF BEETLE AND DISEASE.— 
The Kuropean elm bark beetle breeds 
normally in sickly or diseased elm wood 
excepting possibly in places where there 
has been a tremendous production of 
beetles and they have been literally com- 
pelled to attack healthier tissues. A con- 
siderable number of diseased trees were 
located in a band one mile wide around 
the New Jersey areas where elms were 
treated in fall of 1936 and in the spring of 
1987 with chemicals. The fact that 
seventy-five per cent of the infected trees 
were in the inner half mile of the band 
indicates a normal relatively short beetle 
flight and consequently a usually limited 
spread of the disease. Similar data have 
been obtained in New York State. Re- 
cently published figures show that federal 
and state authorities have spent over 
nineteen and one-quarter million dollars 
in an attempt to eradicate this insect, that 
over 56,000 diseased trees have been 
found in the eastern area and that the in- 
fected territory has increased in New Jer- 
sey since the end of 1934 from 1,402 to 
3,413 square miles, in New York from 838 
to 3,642 square miles and in Connecticut 
from 224 to 842 square miles, a total in- 
crease of from 2,464 to 7,897 square miles, 
an approximately three-fold extension. 
Evidently the writer’s statement in 1934 
to the effect that we must learn to live 
with the Dutch elm disease still holds. 
These figures indicate an_ inevitable 
spread with probabilities that by no means 
all of the infected trees in the eastern sec- 
tion have been located or will be located in 
the near future. It is doubtful if the large 
federal and state appropriations will be 
continued indefinitely, not to mention the 
probable need of greater sums necessary 
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for effective work in a continuously en- 
larging area. The question naturally 
arises as to what is to become of our elms? 

The experience of the last six years in- 
dicates that the European elm bark beetle 
is mostly a local insect and that it limits 
itself largely to diseased or dying wood. 
The normal limit of flight suggests that 
ordinarily there would be no extensive or 
overwhelming invasion from nearby ter- 
ritory. The tremendous production of hee- 
tles in New Jersey in 1937 did not mate- 
rially increase the number of diseased trees 
found in New York State in 1938. These 
data, while not conclusive, suggest possi- 
bilities for local control in cities and vil- 
lages from two or possibly three midsum- 
mer relatively inexpensive prunings and 
the immediate burning of weak wood. 
Such a program should be thoroughly 
tested since it is entirely practicable in 
communities which take a pride in their 
elms. Others can hardly expect. special 
consideration. 

It is the writer's belief that ultimately 
most of the expense of protecting shade 
trees from Dutch elm disease and other 
troubles must fall upon the cities or vil- 
lages and be mainly concerned with the 
elimination of sickly or diseased trees or 
parts of trees. This does not preclude as- 
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sistance from Federal and State agencies, 
It localizes control and puts it on a more 
economical basis than heretofore. The re- 
sults will be largely in proportion to local 
interest. The hickory bark beetle, the 
bronze birch borer, the two-lined chestnut 
borer, and the leopard moth are largely 
controlled by such procedure. ; 

It does not require special training to 
detect, cut, and burn sickly or dying 
branches of trees. It may be made part of 
one operation. The Shade Tree Commis- 
sions, City Foresters, and Tree Wardens 
throughout the infected area have organi- 
zations qualified to do this work if granted 
the requisite funds, and other localities 
desirous of protecting their elms may take 
advantage of existing laws to provide the 
necessary organization. The prompt dis- 
position of breeding material in most of 
the infected area is more important for 
local protection of trees than knowing the 
exact cause of the sickly or dying condi- 
tion. Practically, there seems little advan- 
tage in the costly searching out and 
destroving the occasional diseased tree 
in a remote woodland area. Such trees 
are menaces in a distinctly minor degree 
to the valued elms on streets, in parks, 
and on private properties 1-6- 40. 


The Value to Uninfested States of Gypsy Moth Control 
and Extermination 


\. F. Burcess, (. S. Department of Agricultu 


Federal work in preventing the spread 
of the gypsy moth was begun in 1906 as a 
result of insistence by the New England 
States that Federal help be extended in 
combating this introduced pest. For 10 
years prior to 1900 the state of Massachu 
setts had made an attempt, single handed, 
to exterminate the insect from the terri- 
tory covering about 200 square miles 
around Boston. This work was discontin- 
ued as a result of apathy on the part of the 
public because the insect had been re- 
duced so that no visible injury could be 
noted, the antagonism of certain elements 
who opposed it, and continued failure to 
finance the program adequately so as to 
assure eventual success. Subsequent ex- 
perience in dealing with this insect clearly 
justifies the belief that if adequate finan- 
cial support had been given and the work 


re, Bureau of Entomology Plant Q 


continued the infestation could have been 
entirely eradicated in this country. The 
tremendous increase and spread of the in- 
sect after the work was discontinued 
caused public demands for relief from un- 
bearable conditions, and, after the state of 
Massachusetts had made appropriations 
aggregating $375,000 and passed a law re- 
quiring property owners to clear up infes- 
tation on their own premises, an appeal to 
the Federal Government was given favor- 
able consideration and work was begun 
with the primary object of preventing the 
spread of the insect. To this end restrie- 
tions were placed on the movement of prod- 
ucts likely to carry the pest, parasites 
and natural enemies were introduced from 
foreign countries, part of the expense be- 
ing borne by the State of Massachusetts, 
and clean-up work along the principal 
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lines of travel out of the infested area was 
carried on for a number of years. The in- 
troduction and breeding of many species 
of parasites was continued, and they were 
colonized in the infested territory as rap- 
idly as possible. In 1913, after the pass- 
age of the Federal Plant Quarantine Act, 


the infested territory was placed under 


Federal quarantine requiring the inspec- 
tion and certification of products moving 
bevond the known infested area. By this 
time all the New England States were in- 
volved, but only a few infestations existed 
in Vermont and Connecticut. Federal 
field operations were confined to the out 
lying area, it being the policy of the States 
to confine their efforts to cleaning up the 
older infested territory. 

A large amount of experimental work 
was conducted to improve the field meth- 
ods which had been worked out in previ- 
ous years by the State of Massachusetts. 
New facts were discovered in connection 
with the feeding habits of the insect, and 
advantage was taken of this information 
in connection with the removal of trees 
that were most susceptible to infestation 
and the encouragement of those species 
that were least attacked by the insect. 
Improvement in field methods and the 
development of high-pressure spraying 
resulted. Facts concerning the spread of 
the insect by the wind were determined, 
indicating that for the eastern part of 
New England the main drift of small ca- 
terpillars immediately after hatching was 
usually toward the north or northeast. 

Progress on all this work was seriously 
curtailed during the period of the World 
War, and in 1922, owing to the finding of 
a few small infestations in New York just 
across the Massachusetts border, a con 
ference was held at Albany, N. Y., at 
tended by entomologists from all the 
states concerned, the Bureau of Entomol 
ogy at Washington, and the Dominion 
Entomologist’s office in Canada, to dis- 
cuss the situation. It was decided that a 
control area, afterwards designated as a 
barrier zone, should be established, about 
30 miles in width, extending from the Ca- 
nadian border to Long Island Sound, and 
bounded on the west by the Hudson Riv- 
er. About one-half was located in New 
York and the remainder in western Ver- 
mont, Massachusetts, and Connecticut. 
The purpose was to keep this zone as free 
as possible from infestation, thereby pre- 
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venting the westward spread of the insect. 
The work has been financed by the Fed- 
eral Government, although the state of 
New York, through its own organization, 
takes care of most of the work in the zone 
within its own boundaries while the other 
states assume responsibility for the con- 
trol in territory east of the zone. 

In July, 1920, an infestation covering 
over 400 square miles had been found in 
northern New Jersey. Work was carried 
on as an extermination project in coopera- 
tion with the State Department of Agri- 
culture, and in June 1932, after repeatedly 
scouting and treating all infestations in 
the original and surrounding area embrac- 
ing over 2,300 square miles, the Bureau of 
Entomology discontinued operations. 
Work has been carried on since that time 
by a small force employed by the state. A 
small infestation was found in 1933. This 
has been cleaned up, and no infestation 
has been found in the state since 1935. 

Another serious infestation was found 
in northeastern Pennsylvania in 1932, and 
work in cooperation with the Bureau of 
Plant Industry of that State has been un- 
der way since that time. No defoliation 
has resulted since the year of discovery. 
The area under state quarantine is ap- 
proximately 1,000 square miles, and a sur- 
rounding area of 1,500 square miles will 
require additional inspection as the work 
of exterminating the insect proceeds from 
the outer rim toward the center of the 
original infestation. 

Since the barfier zone was established, 
small colonies have been found on Long 
Island, in the Bronx in New York City, 
and at several points adjoining or directly 
west of the zone. Most of these have been 
exterminated, while in others the work is 
nearing completion. 

The original barrier zone contained 
9,400 square miles. Since it was estab- 
lished a number of areas have been added 
east of the original zone, embracing 1,500 
square miles in Vermont and Connecticut, 
making a total of 10,900 square miles. 
Areas on the west side of the zone, partic- 
ularly in northern New York, Vermont, 
and southern Connecticut, have been 
found free from infestation, and periodic 
inspections have been discontinued. 

Prior to the discovery of the heavy in- 
festation in Pennsylvania in 1932, regular 
funds required for this work were reduced 
37 per cent and they have never been in- 
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creased. Beginning in 1934, emergency 
funds were allotted for use on Federal 
gypsy moth projects in all the New Eng- 
land States, New York, New Jersey, and 
Pennsylvania. 

Protective work has been done between 
the Connecticut River and the barrier 
zone in Vermont, Massachusetts, and 
Connecticut by W.P.A. labor and by de- 
tails from C.C.C. camps, and this com- 
bined work has reduced many serious in- 
festations during this period. 

For 16 years the maintenance of this 
zone and the clean-up of outlying infesta- 
tions have prevented general westward 
spread of the insect and have eliminated 
the necessity for the states, aside from 
those now affected, to spend funds for its 
control or to suffer loss of trees or injury 
due to defoliation. The entire cost to the 
Federal Government from regular and 
emergency funds for 33 years of operation 
has averaged less than $700,000 per year, 
and the cost to infested states to maintain 
partial control of the insect has averaged 
over $1,000,000 annually. If the idea that 
“an ounce of prevention is worth a pound 
of cure” is sound, then the funds which 
have been expended by the Federal Gov- 
ernment for protecting the rest of the 
United States from this insect have paid 
large dividends. 

Briefly stated, the present situation is 
serious, and if other sections of the United 
States wish to receive the protection 
which has been given them in the past, 
these facts should be considered carefully. 
Since 1934 most of the personnel used on 
gypsy moth work, aside from general or 
district supervision, has been supplied 
from relief rolls. Since 1986, when the 
number of these employees reached more 
than 5,000, the force has been decreased 
progressively until this year, when fewer 
than 800 are employed. This force con- 
sists not only of laborers who for the most 
part are competent, under supervision, to 
do the work to which they are assigned, 
but also includes scouts who do inspection 
work to find infestations and the foremen 
of crews who direct this work under gen- 
eral supervision. The regular supervisory 
force has faced a tremendous task to train 
relief men for this work, particularly be- 
cause there has been a heavy turn-over in 
employees. This force is not mobile, as the 
men are required to work locally. In many 
sections of the territory, particularly in 


the large forested areas where most of the 
work is done, there is a very sparse popu- 
lation, and it is impossible to cover all the 
territory that should be examined on ac- 
count of the location of the personnel, 

During the last few years infestation 
has built up, and large areas have been de- 
foliated directly east of the Connecticut 
River, except in the State of Connecticut, 
and similar areas have developed during 
the last two vears between the Conneecti- 
cut River and the barrier zone in Ver- 
mont, Massachusetts, and Connecticut in 
spite of the fact that all the force available 
has been utilized in these States 

During the last two or three seasons 
there has been some wind spread of small 
caterpillars into the zone. This is indi- 
cated by a considerable number of single 
egg-cluster infestations. Since the eggs 
were deposited in July 1989 some scouting 
has been done in the zone, and unusually 
large numbers of single egg-cluster infes- 
tations have been found in towns in Ver- 
mont, Massachusetts, and Connecticut 
and a smaller number in the New York 
section of the zone. In addition to favora- 
ble conditions for wind spread, it is now 
evident that the hurricane which swept 
through New England in’ September, 
1938, has contributed to the spread of the 
insect to a far greater extent than was ap- 
preciated at the time. While the amount 
of timber that was blown down or uproot- 
ed in and near the zone was not so great as 
in many sections east of the Connecticut 
River, it is apparent, from the general 
course of this tremendous wind = storm, 
that egg clusters must have spread into 
the zone 
leaves, bark, or other material, and that 
this is a contributing factor in bringing 
about the condition that has been found 
during the last few months. 

Normal employment has increased in 
much of the territory, particularly in the 
industrial and manufacturing sections of 
the zone area. [It is now impossible to se- 
eure W.P.A. labor in some sect joOns, and as 
the expenditures that can be made for all 
non-labor purposes under W.P.A. funds 
are based on man-months of labor per- 
formed, the volume of work is reduced, 
and sufficient equipment or supplies can- 
not be procured. 

This project has been able to utilize un- 
employed labor during the emergency 
through which the country has been pass- 


area, to some extent at least, on 


nt 
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ing, but it is clear that, unless thorough 
work is done in the sections where it is 
urgently needed, including the small infes- 
tations in the zone, the zone which was 
created to serve as a barrier and the ex- 
terminative work which is being carried 
on in northeastern Pennsylvania, the 
most westerly infestation known in the 
United States, will fail to protect the rest 
of the country. 
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It would seem that the states which 
have been protected for many years 
should interest themselves in this project 
if they desire a continuance of this protec- 
tion. As a matter of conservation and 
good economics it would seem desirable to 
keep this insect in the territory where it is 
now established, so that other sections of 
the country will not have just another 
pest to fight.—1-6-40. 


Notes on Oncideres ‘Vwig Girdlers 


EK. Gorton Linsey, University of California, Berkeley 


The Onecide res twig girlers have long 
attracted the attention of the economic 
entomologist as a result of their injury 
to broadleaved including those 
grown for fruit, nut, shade and orna- 
mental purposes. Unfortunately, how- 
ever, the species have been commonly 
confused and the literature on the group 
is so full of misidentifications that it can- 
not be satisfactorily used at present by 
the general entomologist. In an attempt 
to clarify some of the existing confu- 
sion, the following notes are offered on 
the most important economic species in 
the United States. 


trees, 


The Hutsacne Giroier, Oncidere 
pustulata Lec 

Oncideres pustulata Lec , 1854, Proce. Aead. Nat. Sei 
Phila., 7: 82 (deser.); Horn, 1885, Trans. Am 
Ent. Soc., 12: 142 (key); Hamilton, 1896, Trans 
Am. Ent. Soc., 23: 140 (kev): Schaeffer, 1906, 
Can. Ent. 38: 19 (key); Linsley and Martin, 1933, 
Ent. News, 44: 183 (habits 

Oncideres putator, High (nec Thomson), 1915, ULS 
D. Agr., Bul. 184, pp. 1-9, pl. 1-4 (biol., con 
trol); Craighead, 1923, Can. Dept. Agr., Bul. 27 
(n.s.), p. 132 larva, hosts 

Oneideres trinodatus, Essig (nec Casey), 1926. Ins 


of West. N (Am., p 10 


This is one of the two species which 
appear in economic literature under the 
name “putator Thomson.” High (1915) 
has given an excellent account of its 
habits under that name but most of the 
published records to which he refers 
pertain to rhodosticta Bates. The species 
is abundant in the Lower Rio Grande 
Valley of Texas and, unlike most of our 
species which confine their attacks to 
twigs, pustulata girdles branches ranging 
from 20 to 40 mm. in diameter. Its 
favored hosts are Acacia farnesiana and 
Pithecolobium flericaulis, but Prosopus 


glandulosa, Acacia berlandieri, Parkin- 
sonia aculeata and Mimosa lindheimeri 
have also been recorded. Many other 
wood-boring insects avail themselves of 
the branches freshly cut by this species, 
among which are the following round- 
headed borers which have been reared by 

the writer: Achryson surinamum (L.), 

A. concolor Lec., Anoplium § truncatum 

Lec., I[bidion exclamationis Thoms., /. 

townsendi Linell, Obrium maculatum 

Oliv.), Placosternus difficilis (Chev.), 

Euderces exilis Casey, Ecyrus texanus 

Schffr., Leiopus wiltiti Horn, L. houstoni 

Casey, and L. texana Casey. 

The Twic Girover, Oncideres cingulata (Say) 

Saperda cingulata Say, 1826, Jour. Acad. Nat Sci. 
Phila., 5: 272. 

Oncideres cingulata, Haldeman, 1847, Trans. Am. 
Philos. Soc., (2) 10: 52 (habits); LeConte, 1852, 
Jour. Acad. Nat. Sei. Phila., (2) 2: 165 (deser.); 
Walsh & Riley, 1868, Am. Ent., 1: 76-77, f. 66 
(habits); Riley, 1880, Am. Ent., 3: 297, f. 155-56 
habits, hosts); Horn, 1885, Trans. Am. Ent. Soc., 
12: 195 (deser.); Hubbard, 1885, Ins. aff. Orange, 
pp. 128-29, f. 49-50 (habits, hosts); Packard, 
1890, 5th Rep. U. S. Ent. Com., pp. 288-89, f. 
113-14 (habits, hosts); Scheffer, 1895, Insect 
Life, 7: 345 (habits); Felt, 1905, N. Y. State Mus., 
Mem. 8, 1: 271-74 (biol.); Schaeffer, 1906, Can. 
Ent., 38: 19 (key); Gill, 1917, U. S. Dept. Agr., 
Farm. Bul. 843: 42-47, f. 53-57 (biol., control); 
Craighead, 1923, Can. Dept. Agr., Bul. 27 (n.s.) 
p. 131, pls. 2, 13, 31, 32 (larva, hosts); Leiby, 
1925, Bul. N. C. Dept. Agr., 1925: 52-56, f. 50 
54 (biol., control); Moznette, Bissell, and Adair, 
1931, U.S. Dept. Agr., Farm. Bul., 1654: 49-53, 
f. 62-66 (hiol., control). 

Oncideres terana, Herrick (nec Horn), 1902, Jour. 
N. Y. Ent. Soe., 10: 15 (biol.); Herrick, 1904, 
Miss. Agr. Exp. Sta., Bul. 86: 3-10, f. 1-5 (biol., 
control); Girault, 1910, Ent. News, 21: 226-28 
ovipos.); Bilsing, 1916, Jour. Econ. Ent., 9: 
110-15 (biol.). . 

Oncideres cingulatus pallescens Casey, 1913, Mem. 
Coleopt., 4: 353, n. syn. 

Oncideres praecidens Casey, 1913, Mem. Coleopt., 
4: 354, n. syn, 
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This species is most important as a 
pest of hickory, pecan and persimmon but 
also injures elm, poplar, sour-gum, bass- 
wood, honey locust, dogwo¢ vl, apple, pear, 
peach, plum, citrus, eucalyptus and prob- 
ably many other trees. It appears in the 
literature under the common names of 
“Banded Saperda,” “Hickory Twig Gir- 
dler” and “Pecan Twig Girdler.”’As a pest 
of pecan it has been incorrectly referred 
to as “Oncideres texana Horn.’’* 

The Texas Twic Grroier, 
Oncideres terana Horn 


Oncideres terana Horn, 1885, Trans Am Ent ™MK 
12: 195 (deser Hamilton, 1896, Trans. Am. Ent 
Soc., 23: 140 (key): Schaeffer, 1906, Can. Ent., 
38: 19 (key Casey, 1918, Mem. Coleopt., 4: 
353 (deser Linsley and Martin, 1933, Ent 
News, 44: 188 (habits 

Oncideres subtroy wus Casey, 1918, Mem. ¢ oleopt . 
4: S55 descr n. syn 


As mentioned above, the species which 
appears in economic literature under the 
name “ferana Horn” is the twig girdler, 
Oncideres cingulata (Say). The present 
species is closely related but differs hy 
the presence of acute lateral pronotal 
tubercles, a dark brown integument, and 
broad, white, elytral fasciae. It occurs in 
southern Texas where it girdles the twigs 
of Acacia and probably also Prosopis and 
Pithecolobium. As is frequently the case in 
this genus, the freshly cut twigs are 
utilized by numerous other insects. The 
following roundheaded borers have been 
reared from twigs girdled by this species: 
Obrium maculatum (Oliv.), Sphaenothecus 
hivittatus Dup., Leiopus wiltti Horn, L. 
ferana Casey, L. houstoni Casey, and 
Ataria erypta (Say 

The Arizona Oak Greoier, 


Onecidere yuercus Skinner 


Oncideres quercus Skinner, 1905, Ent. News, 16: 291 
descr., habits): Schaeffer, 1906, Can. Ent., 38: 
19 (key Bever, 1908, Jour. N. ¥ Ent. Soe., 
16: 32 (habits); Casey, 1913, Mem. ¢ oleopt , 4: 
8352 (deser Brisley and Channel, 1924, Jour 
Econ. Ent., 17: 159 (habits); Essig, 1926, Ins. of 


West. N. Am +P 160 


This species is closely related to cingu- 
lata and terana but is more slender with 
the elytra densely clothed with cinereous 
pubescence. It occurs in southern Arizona 
and girdles oak branches about one-half 
inch in diameter. The writer has observed 
the species seriously affecting the oaks in 


onfirmed by Mr. W. 8. Fisher 


* The svnonyt f the two forms named by Case was ver 
} 
i 


kind 
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the Huachuca Mts. (Carr and Miller 
Canyons), where the ground beneath 
oak trees may be literally covered with 
girdled twigs in the fall. Beyer (1908) 
reports that a scolytid beetle, Chramesus, 
and a roundheaded borer, Poliaenus 
negundo Schffr., commonly breed in the 
girdled branches. 


The Mesquite Girpier, Oneids 
rhodosticta Bates 
Oneideres rhodosticta Bates, 1885, Biol. Centr - 
\mer., Coleopt , 5: 367 (deser 
Oneideres putator, Horn (nec Thomson), 1885, 
Trans. Am. Ent. Soe., 12: 195 (kev, distr): 
Howard, 1900, | > Dept Agr., Div. Ent . Bul 


22 (n.s.), p. 94 (injury Schaetfer, 1906, Can 


Ent., 38: 19 (key 

Oncideres cingulatus, Hamilton {(nec Say), 1896, 
Trans. Am. Ent. Soc., 23: 141 (pars 

Oncideres trinodata Casey, 1913, Mem. Coleopt., 4: 
352 (deser ,n. syn 

Oncideres sp., Craighead, 1923, Can Dept Agr., 
Bul. 17 (n.s.), p. 132 (larva, hosts 

Oncideres pustulatus, Essig (nec LeConte), 1926, 
Ins. of West. No. Am., p. 460. f. 368 (habits, 
distr 


The confusion that exists in the litera- 
ture regarding this species dates from a 
misidentifieation hy lr. (;eorge Horn 

I8S85) who first recorded it from the 
United States (as “* putator Thoms.” 
Hamilton (1896) increased the confusion 
by regarding the species as identical with 
the common eingulata and merging its 
records with those of that species. This 
error was corrected by Schaeffer (1910 
who resurrected for it the name “puta- 
tor.” Casey (1915 recognized that the 
species was distinct from the true ** puta- 
tor” of Thomson and described it as new 
under the name trinodata. Actually, how- 
ever, it should be known as rhodosticta 
Bates, which was described from Lerdo, 
Mexico, in 1885. It may be readily dis- 
tinguished from the other species in our 
fauna by the presence of three callosities 
in a transverse row on the pronotum, the 
pale ante-median fascia of the elytra, and 
the yellowish or tawny spots with which 
the pubescence of the elytra is variegated. 
It occurs in southwestern United States 
and northern Mexico and girdles small 
branches of mesquite (Prosopis). Craig- 
head has also recorded what appears to 
he this species from Sarcobatus. Essig 
1926) has illustrated the adults and their 
injury under the name “pustulatus Lee.” 

1-6-40. 
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Studies of \losquito Repellents, 1. Test Procedure 
and Method of Evaluating Test Data’ 


Puiuipe Granett, Rutger 


In a search for chemicals possessing 
mosquito repellent properties, started in 
1935,* a large number of organic com- 
pounds were tested in addition to avail- 
able proprietary products and repellents 
recommended by various investigators 
from time to time. It is the purpose of 
this paper to deal with the procedure used 
in testing and to describe the method of 
evaluating test results. A subsequent 
paper will present experimental data and 
show the relative effectiveness of a num- 
ber of the materials tested. 

Test Procepure.— A practical method 
of testing was adopted, that is, one 
which would be directly comparable to 
conditions of normal usage. Tests are 
carried out in the field by first exposing 
an untreated arm to the elbow or a leg 
to the knee to bites of the insects for a 
definite period, usually two minutes. The 
rate of biting per minute thus determined 
indicates the insect activ ity at the time of 
the test. A measured quantity of the 
chemical to be tested, about 1 ce. for the 
arm and 2 cc. for the leg, is then applied 
to the corresponding arm or leg. Treated 
arm or leg is exposed continually to insect 


* Under a Fellowship at Rutgers University sponsored by the 
National Carbon Compan 


Early publication of this paper and the one which follows 


University, New Brunswick, N. J. 


activity during the period of the test, 
while untreated portions are exposed for 
two minute check counts at intervals of 
fifteen minutes or a half hour. An average 
of these check determinations is made at 
the end of the test and the average num- 
ber of bites per minute on untreated area 
is called the “biting frequency” during 
the test period. The time in minutes re- 
quired to obtain the first bite on the 
treated area is called the “repellent time.” 
Most of the tests were made against salt 
marsh mosquitoes, mainly Aedes sollici- 
tans and Aedes cantator. 

Metnop or Evatuatinc REsULTs.- 
The time during which a repellent affords 
protection to the user is the customary 
measure of its effectiveness. If compara- 
tive trials of repellents could be made 
under similar conditions of environment 
and biting frequency, little trouble would 
be experienced in evaluating the results. 
In the field the various influencing factors 
are constantly changing, causing the re- 
pellent time to fluctuate in turn. To ob- 
tain repellent data for all influencing 
conditions would require extensive testing 
of each substance for which repellent 
knowledge was sought. In a_ previous 
publication (Granett, 1938) it has been 
pointed out that various environmental 
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and physiological factors present at the 
time of the test exert an influence on the 
insects, and that the influence is reflected 


treated 
repellent time. 


areas, 


Each circle represents an average | to 


} tests 
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dicated by a greater biting rate on the un- 
there is a 


in 





The nature of this relationship is illus- 


by the rate of biting on untreated areas. 
trated by results of fairly extensive tests 


With an increase in biting frequency as in- 
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with four repellents of widely differing 
chemical composition. They are a new 
repellent , developed during this investiga- 
tion and now known under the brand 
name of “Sta-Way Insect Repellent Lo- 
oil of citronella, and two proprie- 


ma 
tion, 
whose composition — is 


tary repellents 
known to us. 

The data from these tests is shown in 
the form of curves in figures 1 and 2. 

The shape of these curves shows that 
the decrease in repellent time is not di- 
rectly proportional to the increase in bit- 
ing rate. At the lower biting rate ranges, 
from one to ten per minute, there is a 
marked drop in repellent time with each 
increase in biting frequency. At higher 
biting rates, the slope of the curve levels 
off and the decrease in repellent time is 
relatively slight. Ten bites per minute is 
approximately the point at which this 
change occurs. 

If we know the repellent time of a 
product at only one biting rate we can 
make a significant comparison of it with 
any other substance the repellent time 
of which is known at the same biting 
rate. A comparison at any single biting 
rate is naturally less significant when the 
two repellents are nearly equal in per- 
formance. However, when we Sta- 
Way Lotion as our reference standard its 
performance is so far above those with 
which it is compared that the results are 
of adequate significance. 

A study of the curves shows that for 
any given pair of repellents, the ratio of 
repellent times at a given biting rate is 
approximately constant throughout the 
entire biting range. This information 
makes it unnecessary to test compounds 
of unknown repellency at more than one 
or two biting rates, provided check tests 
are in agreement at these 
rates. 

We have rated the repellent: perform- 
ance of all products in terms of that of 
Sta-Way Lotion and call this comparative 
value the “repellent rating” of the ma- 
terial. This rating is the repellent time 


use 


reasonable 


* Active ingredients are diethylene glycol monobutyl ether 


acetate and diethylene glycol monoethy! ether 
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of the compared product divided by the 
repellent time of Sta-Way Lotion ob- 
tained at the same biting frequency. For 
example: if the repellent time of the com- 
pared product is 52 minutes with a biting 
level of 4 bites per minute, while the 
repellent time of Sta-Way Lotion is 104 
minutes at the 4 bite per minute level, 
then the repellent rating of the compared 
material is 50 per cent. 

If the compared product is tested at 
several biting levels, the separate values 
are calculated for the repellent rating 
at each biting level. The average of 
these values gives the average repellent 
rating for the product over the range of 
biting frequencies involved. 

SumMMARY.—A method of testing mos- 
quito repellents in the field comparable 
to normal use of such materials is de- 
scribed. 

Application of the test material is 
made to one arm or leg of the tester. The 
protection afforded by a repellent is de- 
termined by the time in minutes to the 
first bite on these treated areas and is 
designated as the repellent time of the 
material under test. Determination is also 
made of the insect biting frequency dur- 
ing the test as indicated by observation of 
the bites per minute on corresponding 
untreated areas. 

It is found that with an increase in 
biting rate there is a decrease in repellent 
time. Curves are presented which show 
this relationship for four repellents. For 
any given pair of repellents the ratio of 
repellent time at a given biting rate is 
approximately constant throughout the 
entire biting range. 

For comparative purposes a_ product 
developed during the repellent investiga- 
tion is used as a reference standard. The 
“repellent rating” of any given material 
is determined by dividing its repellent 
time by the repellent time of the reference 
standard obtained at the same _ biting 
rate as the compared material. 

If the compared product is tested at 
several biting levels, the repellent ratings 
at the different levels are averaged to 
give a single comparative value.—4-16-40. 
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Studies of Mosquito Repellents, II. Relative Performance of 
Certain Chemicals and Commercially Available Mixtures 
as Mosquito Repellents 


Putipe Granetr, Rutgers Unive 


Despite the fact that organized mos- 
quito control work has advanced steadily, 
satisfactory elimination of mosquito an- 
noyance is still restricted to relatively 
small areas. Large numbers of people are 
still exposed to periodic attack by mos- 
quitoes and other blood-sucking pests and 
it seems safe to assume that such annoy- 
will continue for many years to 
come. As a means of discouraging biting 
by these pests, people have frequently 
resorted to repellents of one kind or an- 
other. J. B. Smith (1901) was one of the 
first to report on the effectiveness of oil 
of citronella, now widely known as a re- 
pellent. Prior to that time, and since, 
many other mixtures of 
various kinds of oils, greases, ointments, 
and powders have been tried wtih varying 
degrees of success. Bishopp 1939) still 
recommends oil of citronella or a mixture 
of citronella and pennyroyal. Bacot and 
Talbot (1919) using a laboratory method 
of testing, studied various mixtures of 
essential oils. Bunker and Hirshfelder 

1925) made a rather thorough investiga- 
tion of a number of chemicals and listed 
twenty effective, the first six of 
which were citronellol, caprylic alcohol, 
benzyl alcohol, geranyl acetate, linalyl 
acetate and amyl salicylate. Mail (1934), 
taking a lead from Bunker and Hirsch- 
felder’s work, made and tested some 
derivatives of salicylic acid. He found 
them to be fairly effective against .ledes 
species of Montana al- 
though some of the better compounds 
were irritating to the skin. Rudolfs (1980), 
in his study of the reactions of mosquitoes 
to chemicals, reported moderate success 
with certain of the essential oils and with 
pyrethrum oil extracts when used against 
salt) marsh Moore (1954) 
found certain terpene esters better than 
related alcohols or hydrocarbons. Re- 
cently, MacNay 1959) reported success- 
ful use of a mixture consisting of concen- 
trated oil extract of pyrethrum, oil of 
thyme, and castor oil, against .tedes spe- 


ance 


essential oils, 


most 


mosquitoes 1D 


mosquitoes. 


cies In Canada. 


PROPERTIES OF AN IDEAL REPELLENT. 


rsity, New Brunswick, N. J 

A repellent to be generally acceptable 
should POSSESS other properties, in addi- 
tion to that of lasting effectiveness against 
mosquitoes. It should he odorless or have 
a pleasing odor; non-irritating when ap- 
plied to the skin and harmless when 
breathed or accidently consumed: have 
no effect on as staining, 
bleaching or weakening of fiber: leave no 
objectionable “oily” appearance or feel 
on the skin; repel other biting inseets 
such as black flies, Simulium spp., sand 
flies, Culicoides spp., and stable flies, 
Stomoxrys caleitrans L.): be economical, 
and chemically stable. As no repellent 
was available which approached these 
qualities, an investigation* was started 
in 1935 to diseover or ce velop a better 


clothes, such 


repellent substance 

Scope oF WorRK AND On- 
TAINED.— In the course of this investiga- 
tion, we have tested nearly 1,000 selected 


> 
test LTs 


organic chemicals and chemical mixtures, 
including many materials recommended 
by others, plus about 40 products sold 
under proprictary brand names. 

This work has led to the development 
of a repellent composed of diethylene 
glycol monobutyl ether acetate, diethy- 
lene glycol monoethy lether, « thy | aleohol, 
corn oil, and perfume, a mixture now sold 
under the trade name of “Sta-Way Insect 
Re pe AE nt Lotion.” 

Results from 
have been highly 


mixture 
three 


this re yx lent 
satisfactory on 
SCOTECS: 

First: Long repellent time, 
all known usable compounds hy 
stantial margin. 

Second : Desirable ACCESSOPYS properties, 

it has a pleasing odor, is non-irritating 
to the skin, is not greasy nor unsightly on 
the skin, and is inert to natural fibers. 

Third: Effective against many blood- 
sucking pests in addition to mosquitoes. 
This product is unsatisfactory in that, 
like other mosquito repellents, it injures 
paints, varnishes, lacquers and certain 
plasties and affects cellulose acetate fiber. 


it outlasts 
a sub 


* Under a Fellowship at Rutgers I ersity sponsored by the 


National Carbon Compar 


566 














June 1940 


GRANETT: Mosquito REPELLENTs, IT. 





567 


Table 1.—Relative effectiveness of various repellent substances tested in the field against mos- 
quitoes, principally Aedes sollicitans and Aedes cantator. 





BITING 
FREQt ENCY 
RANG! 


RepeL_LeENtT Time Rance 


Reference 
Standard at 





Ni Bites per Min Same Range 
Or on Untreated Product of Biting REPELLENT 
RePELLI ests \reas ‘Tested Rates! RATING? 
Minutes Minutes Per Cent 
Reference Standard 
Sta-Way Lotion 9 54 67-136 100 
SELECTED CHEMICALS 
Oil of Citronella +! 21-1 4-87 70-1356 65 
Citronellol ) } Sf 60-95 150-136 58 
Terpiny! Acetate 4 2-1.5 25-35 122-130 V4 
Butyl Salicylate 2 20-18 5-10 70-72 10 
Amvl Sal ic vlate 4 1.5 ) 5-15 180-140 Ss 
Ethylene Glycol 2 2-1.5 10-10 117-122 8 
Pine Oils Steam Distilled 
Medium Fraction } 1-4 80-65 70-104 59 
Light to Medium ) ..3 ) 55-50 130-140 7 
Pyrethrum Nixtures 
100%), 20-1 Oi] 
Extract 4 1.5 ) > OU 150-140 $4 
25! OT OW] 
Ext t 
125 ())] Phyo 
62.5 Castor Oil J 9 5 40 83-97 +1 
ly spr \ Ivpe 
5°, 20-1 O))! 
| xtract 
95°, Ref ned Kerosene } 2 13 25 92-]22 17 
Rep times reference ) vy frequet ndicated were read from Curve 1, Figure 1. “Studies of Mos- 
Lepellents: I 
1 t | pn time of the reference standard product at the same biting 
ft t 1 biting levels, the ratings at the different levels are averaged to 
Scope OF Report.—This paper will at the same biting frequency. If the com- 


deal with the relative effectiveness of this 
repellent us compared to other repellent 
materials and in addition, will consider 
those factors other than rep lleney which 
are important for 
repellent. 

The preceding 
method of field te 
the results. Test 


satisfactory use of any 
paper deseribed the 
‘sting and of evaluating 
procedure involves de- 
termining biting frequency (bites per 
minute on untreated during the 
test period and observing the repellent 
protection time (time in minutes to first 
bite on corresponding treated areas). The 
newly developed repellent, Sta-Way Lo- 
tion, is used as a reference standard. Thus, 
for rating purposes, the repellent time of 
the compared product is divided by the 
repellent time of the reference standard 


areas 


pared product is tested at several biting 
levels, the ratings at the different levels 
are averaged to give a single comparative 
value. 

EXPERIMENTAL Data.—At the outset, 
with various recommended ma- 
terials tended to show that under New 
Jersey conditions, especially in regions 
where salt marsh mosquitoes abounded, 
repellent: protection time was consider- 
ably less than reported by other investi- 
gators in other localities for different 
mosquito species. For instance, the pyr- 
ethrum oil mixture which MacNay found 
effective for several hours against fresh 
water mosquitoes, mainly Aedes hirsu- 
teron and Aedes stimulans in Canada, 


tests 


lasted only about one-half hour in our 
tests against salt marsh mosquitoes, .ledes 
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Table 2.—Relative effectiveness of various proprietary repellents tested in the field against mos- 





quitoes, principally Aedes sollicitans and Aedes cantator. 





single 


comparati 


t 


} 
value 


BITING —— 
FREQUENCY Rereevcvent Time Rana 
No RANG! 
_ OF UNTREATED Product Reference REPELLENT 
REPELLENT l'ests \REAS Tested Standard! Rating? 
Bites per Min. Minutes Minutes Per Cent 
Organic Mixtures 
Reference Standard 
Sta-Way Lotion oO 26-1 67-1386 100 
PR2 9 25-3 5-70 73-112 66 
PRS 6 11-3 20-40 80-112 35 
PR4 13 23-2 3-45 66-122 22 
Essential Oil Mixtures, 
Citronella Predominating 
Liqui ls 
PR5 2 12.5-4.5 65-75 75-100 80 
PR6 $ 7-3 hO-55 SS-lL12 5] 
PR7 3 6-2 15-60 97-122 87 
PRS 2 3-2 35-45 112-122 4 
PRO t 13-3 25-30 77-112 I 
PRO 2 4-2 25-25 104-122 Pad 
PRI1 2 h-12 1O-15 54-78 20 
PRI2 2 i2-4 15-20 7S 104 19 
PRIS 2 12-3 15-15 78-112 16 
PR14 2 15-4 1 10 75104 11 
PR15 ) 5-2 10-10 97-122 9 
PRI6 } 8-6 7-10 86.92 9 
PRI17 t 9-6 2-5 43. 92 t 
PRIS | l 10 136 7 
PRI9 2 10-19 22 55-75 3 
PR20 2 12-8 5—5 7S 112 6 
PR26 } % 2 10-60 Ss 122 249 
C'reamea or Petrolat 
PR21 } 1-5 20-40 S107 99 
PR21A 2 16-5 15-25 73-97 24 
PR22 2 12-3 10-10 78-112 11 
PR23 t 7-4 5—4 SS 104 6 
PR24 2 7-3 5-5 SS 112 5 
PR25 2 O-15 2-2 50-75 3 
PR25A } 7-4 5-5 SS- 104 5 
PR25B t 93 2-5 83 112 $ 
Tar Oil Mixtures 
PR2?7 2 Is 4.5 20-25 72-100 28 
PR2S ) 1-1 10-40 186-136 26 
PR2SA 2 Is-+ 20°25 72-104 26 
PR29 2 1.5 10-10 112-130 8 
PR3SO ) ho-14 »2 54-76 5 
Pyrethrum Extracts in 
( reams 
PRS31 2 $< 1d 15 104-122 1 
PRS2 7 + 1 >s 1O4 156 5 
PR ss) 2 12-5 >-5 78-112 5 
PR34 7 6-1 + 10 92-136 6 
PR 1S 2 6-3 > 3 2-lIlz 5 
PR36 | 5 3 
Composition Unknown 
PR37 2 20.5 5-20 122-140 9 
PR3S8 2 6.5-6.5 5-5 00-90 6 
PR3S9O } % 6 $-5 85-92 5 
PR40 t 62 10-15 92-120 12 
Repelle nt times of reference indard at Td tes indicated were ( 1, Fig Studies of Mos- 
quito Repelle nts: I 
Phe repellent time of t tested product divided | repellent time of the refe nd lpr t e same biting rate 
If the repellent time of the upared produc 4 test several biting levels, t! tt lif t els are averaged toa 
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sollicitans and Aedes cantator. Amy| sali- 
evlate which Mail reported as effective for 
about two hours in Montana gave less 
than one-half hour protection under New 
Jersey conditions. It has previously been 
pointed out that such factors as the 
tester’s personal attractiveness to mos- 
quitoes, tests made in sunlight or shadow, 
time of day or night, prevailing tempera- 
tures and other weather conditions have 
an important bearing on the test results. 
We have attempted to include the effect 
of these factors by measuring the insect 
activity while determining the repellent 
time. The fact remains that the conditions 
under which most of our tests were made 
appear to be more severe than those usu- 
ally prevailing elsewhere. Consequently, 
the repellent time reported in this paper 
for many materials is probably somewhat 
lower than may generally be expected in 
localities other than those infested with 
salt marsh mosquitoes. Mention might 
also be made that although repellent 
time for the treated area has been taken 
as the time to the first bite, partial pro- 
tection was often evident for a consider- 
ably longer period. This was indicated by 
an occasional bite on treated areas as 
compared with numerous bites on un- 
treated areas. 

SELECTION OF MATERIALS ON WuicH 
Data is Given.—The materials whose 
performance data is given have been 
divided into two main classes, selected 
chemicals in table 1 and proprietary prod- 
ucts in table 2, on the following basis: 

Chemicals: Excluded from the list are: 

1. Those chemicals whose accessory 
properties, usually skin irritation, makes 
them unsatisfactory for practical use. 

2. A few organic compounds which are 
difficult) to procure and = prohibitive in 
cost. 

$3. Compounds closely related to the 
repellent chemicals in Sta-Way Lotion. 

Of the many chemicals still remaining, 
we have listed oil of citronella and ten 
typical chemicals and mixtures running 
down the seale of repellent effectiveness. 
Data is presented on a number of pine oil 
and pyrethrum mixtures because of the 
general belief in the high order of protec- 
tion afforded by these mixtures. 

Propric tary Products All the proprie- 
tary products tested against mosquitoes 
outdoors have been designated hy code 
number. Omitted from the table are twelve 
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products shown to be poor repellents by 
preliminary trials against captive mosqui- 
toes and therefore not given further tests 
in the field. 

Most of the listed proprietaries have 
been grouped according to their most 
active repellent compound. Distinction 
has also been made between liquid and 
semi-solid products of the cream or 
petrolatum type. 

The compositions of some of these pro- 
prietary repellents are given in the sup- 
plementary table 3. 


Table 3.—Composition of Certain Proprie- 
taries. 


Re fe rence 
Standard (Sta-Way Lotion 
Active Ingredients 
Diethylene glycol monobutyl ether ace- 
tate 65% 
Diethylene glycol monoethyl ether 
Inactive Ingredients 
Alcohol 28° 


( 
Corn Oil 7 / 
100% 
PR12 
Oil Citronella Oil Camphor 
Oil Lavender Mineral Oil 
PR23 
Oil Wormwood 4.0% Alum 5.0% 
Oil Peppermint 1.0° Sodium Para- 
Oil Rosemary 0.5%  chlormeta Cresol 0.1% 
Oil Lavender 0.5% Inert 88.9% 
PR32 


Ictire Tngre dients 


Oil Citronella 3.5° Oil cedarleaf 0.5% 
Oil Camphor 0.5% Pyrethrum 2.0% 
Oil Pennyroyal 0.5% Inert 93.0% 


DiscussioN—REPELLENT PERFORM- 
ANCE AND Ratinc.—The top ranking 
products and their ratings are: 

Reference standard (Sta-Way 


Lotton) 100%; 
Proprietary 
PR5 containing citronella 80°; 
PR? containing — synthetic 
organic repellents 66°; 
Undiluted Citronella 65% 
Pine Oil, medium fraction 
steam distilled 59% 


Undiluted citronella, which stands at 
the head of all the usable chemicals tested 
except those of the reference standard) 
is outranked by the proprietary PR2 con- 
taining synthetic organic repellents and 
PR5 containing citronella. We believe the 
performance of PR5 is to be accounted for 
by the fact that it is an exceptionally 
thick and oily liquid, and that its ex- 





{ 
4 
a 
, 
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cessively viscous properties act as a me- 
chanical barrier to mosquitoes. 

While not indicated by the performance 
data in the table, it was observed that 
mosquitoes began to alight on areas 
treated with PR? within 30 minutes of 
application, although biting did not begin 
until much later. The movement of these 
non-biting mosquitoes Was annoying. 

The less volatile pine oil fraction lasted 
longer, probably because it remained 
longer on the surface of the skin. 

Of the pyrethrum mixtures tried, only 
the straight concentrated oil extract or a 
mixture of this with oil of thyme and 
at repellent time of over 
per 


castor oil, had 
30 minutes and a rating of only 41 
cent for the best of the lot. 

The pyrethrum extract repellents exert 
a peculiar effect on mosquitoes. Fifteen or 
twenty minutes after the application of 
such a mixture the mosquitoes may begin 
to alight, pierce the skin a short distance 
and then fly off without feeding. It is as if 
the active principle of the extract had 
been absorbed a short distance below the 
skin surface and the insect did not detect 
the presence of the chemical until it had 
pierced the skin in the act of biting. What- 
ever the cause this pricking of the skin is 
almost as annoying as an actual bite. 

The majority of proprietary mixtures, 
other than the few known to include syn- 
thetic organic compounds contain oil of 
citronella or some other essential oil as the 
active ingredient. The variation in results 
obtained with these products is probably 
in large measure attributable to the vary- 
ing concentrations of active ingredients 
employed. Except those previously men- 
tioned, all the proprietary compounds 
rated less than 60 per cent, many being 
in the 10 and 20 per cent brackets 

REPELLENT Tests AGAINST OTHER 
Pests.—Because of its effectiveness 
against mosquitoes, the newly developed 
repellent Sta-Way Lotion tried 
against other biting pests when they were 
annoyance. 


was 
causing moderate to severe 
Application of this repellent to exposed 
parts of the person, prevented bites from 
black flies, Simulium Spp., for 60 to 100 
minutes. To prevent these insects from 
crawling underneath clothing and inflict 
ing their irritating bites, it was found es 
pecially useful when applied to places 
where the clothing was open such as on 
neck, wrists or ankles. 


kx ONOMIC 
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Sand flies, Culicoides spp., were pre- 
vented from biting for 30 to 50 minutes 
although they could not be entirely pre- 
vented from coming in contact with skin. 

Stable flies, Stomoxys caleitrans, were 
repelled for 15 to 55 minutes and deer 
flies, Chrysops spp., were repelled for 95 
to 55 minutes. Where deer flies were nu- 
merous, they were more annoying than 
stable flies because of their habit of hover- 
ing about the head. 

The repellent times obtained with the 
reference standard against other biting 
insects is generally less than for mosqui- 
toes. However, the application of this re- 
pellent is a distinct aid in reducing 
annoyance from all these insects, even 
though more frequent application is need- 
ed than is usually necessary for mosquito 
protection. 

It is interesting to note that in a num- 
ber of comparative tests it was also found 
that the reference standard mixture re- 
tained approximately the same relative 
superiority over different proprietary mix- 
tures for these other biting insects as for 
mosquitoes 

REPELLENT Tests AGAINST CHiccErs. 

Some trials were made of repellency of 
the reference standard repellent to chig- 
gers, Trombicula spp. in Florida. These 
minute arthropods, a common pest in the 
southern states, attack the legs of those 
walking in grass or fields, and generally 
cause intense itching at shoe tops or where 
clothing comes in close contact with the 
skin. Application of the repellent to legs 
appeared to prevent biting of these parts 
In a series of 8 tests 43 
untreated 


for several hours. 
bites 
while the treated legs during the same pe- 
riod received 7 bites. Reports from other 


were received on legs, 


individuals confirm the protective nature 
of the reference standard against chiggers. 

ODOR AND SENSATION ON THE SKIN. —A 
satisfactory repellent will be used under 
all kinds of conditions and by various 
types of people. The pine oils and combi- 
nations containing essential oils are often 
greasy or excessively oily and their odors 
are objectionable to many. The odors 
from such mixtures are often absorbed 
and retained by the skin and clothes for 
extended periods, long after repelleney 
has disappeared. 

The proprictary synthetic organic re- 
pellents, including the reference standard, 
ure satisfactory with respect to odor and 
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lac ‘k of oily fee ‘ling on the skin. Moreover, 
they do not impart the shiny appearance 
produced by many of the oil containing 
produc ts. 

PHYSIOLOGICAL Krrects.—In the de- 
velopment of the new repellent mixture, a 
series of physiological tests were made on 
human and animal skin, with the individ- 
ual ingredients and with the finished pro- 
duct, to determine any possible irritant or 
systemic toxic effects produced by the 
repellent. These experiments took the 
form of 1 hour and 24 hour cloth patch 
tests on 75 persons of both sexes, observa- 
tions of large scale use of the repellent un- 
der varied conditions, and daily applica- 
tions of measured quantities to shaved 
rabbit's skin over a period of several 
weeks. The conclusion drawn from this 
phase of the investigation was that no 
adverse effect is like ly to be experienced 
from use of this product on normally 
healthy skin. Applications made while 
pe rspiring sometimes produced a 
mentary smarting effect. 

Observations made 
trials of other materials indicated that 
with a few exceptions, the majority of 
proprietary mixtures are also harmless on 
the skin. A few caused an unpleasant heat 
ing sensation (repellents PR12, 15, and 2s 
table 9 and some caused a a 
smarting (repellents PR?, 74, 17, 20, and 
3, table 2) especially when ap plied on the 
face. 

As the reference standard repellent is 
it was considered un- 
likely that anvone would accidently con- 
sume a dangerous quantity. That a large 
safety factor exists is shown by experi- 
ments made on white rats, in which it was 
found that a dose of approximately 16 ce. 
of the reference standard per kilogram of 
body weight, administered as a_ single 
dose was fatal to half of the rats used. 

Kaské or Appiication.—All insect re- 
pellents must be applied thoroughly to 
the part to be protected as the action of 
these repellents is such that an insect may 
bite a short distance from the treated 
area. The proprietary creams and grease- 
like products were found to be diffieult to 
apply evenly and thoroughly, and tended 
to leave untreated spots where the insects 
could alight and bite. From the viewpoint 


no- 


during repellent 


very bitter to taste, 


of ease of application and effectiveness, 
liquids were superior to these other forms 
of repellents. 


Mosquito ReeeELLENTs, II. 
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SOLVENT AcTION AND EFFECT ON 
CLotuEs.—The products containing syn- 
thetic organic compounds, including the 
reference standard, were found to possess 
a common fault. These products exert 
partial solvent action on acetate rayon 
fabrics and on synthetic plastics, paints, 
varnishes and lacquers. This effect was 
not especially noticeable unless a consid- 
erable quantity was applied to any one 
spot. Common types of fabrics, other than 
the acetate rayon, such as cotton, linen, 
wool, silk and viscose rayon were gen- 
erally not affected to any greater extent 
than by similar application of water. 

Large scale use of the reference stand- 
ard has demonstrated that its solvent ac- 
tion is not considered a serious drawback. 

SuMMARY.—As a result of a study of 
chemicals for possible mosquito repellent 
properties, begun in 1935, a repellent prod- 
uct has been deve loped consisting of 
diethylene glycol monobutyl ether ace- 
tate, diethylene glycol monoethyl ether, 
ethyl alcohol, corn oil, and perfume. 

Comparative tests with nearly one 
thousand materials show that this mix- 
ture is definitely superior as a mosquito 
repellent to any of the usable, available 
chemicals, and mixtures of them, which 
were tested. This mixture was also defi- 
nitely superior to the forty-two represen- 
tative proprietary products tested. In the 
chemical group, the runner-up was the 
familiar repellent, oil of citronella. 

This newly developed repellent is on 
equal terms with others as regards its un- 
desirable solvent action on certain or- 
ganic materials. Experience of users clear- 
ly indicates, however, that they do not 
consider this property a serious drawback. 

This repellent product was also found 
superior in its combination of accessory 
properties such as pleasing odor, lack of ir- 
ritation, toxie effects or unsightly appear- 
ance when applied to normal skin and its 
harmlessness to all fabries except acetate 
rayon. 

In tests against blood sucking pests 
other than mosquitoes, such as black flies, 
sand flies, stable flies, deer flies and chig- 
gers, more frequent applications of this 
new repellent are necessary to obtain sat- 
isfactory relief from annoyance. In gen- 
eral, however, it has the same relative 
order of superiority over other chemicals 
and proprietaries for these pests as it has 
for mosquitoes. —4-16-40. 
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The Life History of Phyllophaga lanceolata (Say) and 
Phyllophaga crinita Burmeister* 


H. J. Remruarp, Teras Agri 

Various species of Phyllophaga are be- 
coming increasingly important as pests af- 
fecting the production of agricultural 
crops in Texas. Hitherto, little or no bio- 
logical work on any member of this genus 
has been done under the generally milder 
climatic conditions of the Southwest. In 
1937, life history studies were begun as a 
project of the Texas Agricultural Experi- 
ment Station and the present paper is the 
first of a series intended to present essen- 
tial life cycle data as secured for forms oc- 
curring in this region. 

The species here under consideration 
are both of considerable economic lm por- 
tance. They are not closely related; in 
fact, occupy taxonomic positions rather 
Ww idely separated in the Phyllophaga i 
ries. This may add an item of interest to 
the life history data given for each on the 
following pages, since the two species were 
reared simultaneously under practically 
identical conditions. 

Rearing white grubs in desirable num- 
bers under conditions of close confinement 
heretofore has not been a common accom- 
plishment. In the present studies some 
progress in this direction has been made 
by certain improvements in rearing tech- 
nique and particularly with reference to 
the food requirements of growing grubs. 
In the past workers have generally sup- 
plied confined larvae with sprouted ker- 
nels of grain as food material. All rearings 


581 from the Division of Entomologs 


* (Contribution No 
lexas Agricultural Experiment Station 


ultural fF rperiment Sta 


tion, College Stat / 


attempted under such conditions were at- 
tended by a high rate of larval mortality 
and a more adequate diet seemed essential 
for increasing larval vigor 

Among the new kinds of foods used in 
preliminary tests during 1937, 
grapenuts showed promise as a satisfae- 


rearing 


tory diet for rearing white grubs in close 
confinement. This cereal 
used in rearing work throughout the sea- 
sons of 1988 and 1939 and all records on 
larval development viven bye low are based 
upon individuals which were fed execlu- 
sively on this diet while confined in 4-, 6-, 


has now been 


and S8-oz. tin ointment boxes 
Phyllophaga lanceolata (say 
one of the best known among the 
western Phyllophaga. 
IS24) originally the 
form as Melolontha lanceolata, from spec 
mens taken near the Rocky Mountains. 
Between the latter and the Mississippi 
River, the species ranges from southern 
Texas to South Dakota 1 finite records 
of occurrence in Texas include 24 counties 
extending from Brazos and Kaufman on 
the east to Roberts in the upper Panhan- 
dle. Hayes (1919 
mary of economic references to the species, 
which include reports of damage by adults 
to truck crops and cotton in Texas. Al- 
though additional local cases of extensive 
damage by beetles to these crops have 
been noted during recent vears, there 
seems little doubt that greater losses have 
resulted from larvae attacking young 


This ts 
south- 
species of ay 


deseribed present 


has published a sum- 
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wheat in Northwest Texas. Severe injury 
to wheat has also been recorded recently 
in Oklahoma, where the larva of the spe- 
cies has been locally termed “the wheat 
grub.” Beetles and larvae occur in native 
grass lands but the importance of the spe- 
cies as a pest of pasture grasses in the 
Southwest has not been established by 
anv definite records. 

Phyllophaga lance olata, unlike most spe- 
cles of the Lenus, is diurnal in habit. The 
beetles range from 14 to 19 mm. in length, 
are brownish in color and are covered with 
closely appressed whitish seales, which ef- 
fect a general grayish appearance. Form 
of the adult varies with the sex. The fe- 


Table 1.—Number of eggs laid by reared adults of 
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tard, onion, and Bermuda grass. In the 
field the beetles have been observed lo- 
cally feeding on beans, cowpeas, and Irish 
potato, in addition to cotton. Excepting 
the last mentioned crop, the adults were 
noted feeding more commonly upon wild 
host species among which, primrose, 
Oenothera speciosa Nutt. and pigweed, 
Amaranthus sp. appeared to be the most 
common. 

Lire CycLte.—Oviposition records se- 
cured from ten mated pairs of reared spec- 
imens are presented in table 1. The total 
number of eggs laid per female ranged 
from 36 to 85. However, since the beetles 
are comparatively short-lived under cage 


Phyllophaga lanceolata, College Station, 1939. 








NumBer oF Ecos Latp 

[art 
1989 Pair 1 Pair 2 Pair 3 Pair 4+ Pair 5 Pair 6 Pair 7 Pair 8 Pair9 | Pair 10 
5 19 EP 
5/22 0 LP KEP EP 
5 25 0 6 12 10 EP EP EP EP EP 
5 29 10 11 5 0 0 0 0 0 0 EP 
6 3 16 LS 1S 10 0 0 2 0 2 0 
6/7 17° 17 0 22 0 14 7 9 11 0 
6 12 11 22* be 15 10* 14* 15° 14 ‘iy 14 
6617 t 7 0 19 27 19 Ss 11* 16 20* 
6 21 ae + 6 10 6 5 9 6 
6 26 2 6 7 ie ie = 6 
7/3 $ 6 ~ an 10 

s | i 0 2 
7/13 ] 0 
i 21 ** o** 
Potal ys 7s ah R35 56 67 2 3 80 58 
EP. emerged 


male is robust in build, with the elytra 
and abdomen noticeably distended be- 
hind. This sex possesses no functional 
wings. The male beetle, aside from its 
smaller size, is oblong or nearly parallel in 
form and has normally developed wings. 
These items at once distinguish the spe- 
cies from all related forms except possibly 
P. squami pilosa Savlor, which was Tc- 
cently deseribed from a single specimen 
collected in Texas.t 

Food plants listed for adults of lanceo- 
lata, Hayes (1919), and Travis (1939), in- 
clude a wide range of annuals besides sev- 
eral species of deciduous perennials. Based 
on observations of beetles in feeding cages 
the following food plants may be added 
to the previously recorded lists: spinach, 
lettuce, carrot, cowpea, rape, turnip, mus- 





conditions during the warm season, it may 
be assumed that the egg laying capacity of 
the species might be considerably greater 
under natural conditions. 

Eqq.—The eggs of lanceolata are laid in 
separately prepared cells within small 
clumps of soil from 2 to 8 inches beneath 
the surface. When first deposited, the egg 
is white, oval in shape and measures about 
1.5 mm. in length. Within a few days the 
egg becomes spherical and increases in 
size to a diameter of nearly 3 mm. The 
dark mandibles of the embryonic larva 
become visible through the thin egg-shell 
several days prior to hatching. In incuba- 
tion containers newly hatched larvae did 
not feed upon the remaining thin trans- 
parent tissue of the egg-shell. 

Earliest egg deposition in the labora- 
tory was recorded on May 25. This date 
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Table 2.—Duration of egg stage in Phyllophaga lanceolata, College Station, 1938-1939. 





NUMBER INcuBATION Pertop Days Temp 
LARVA} Av. Day 
Date Latp Hatcuep Max Min Wt. Av Mean 
1988 
May 19-24 I 26 14 200.92 78.1 
May 25-28 207 23 19 20.64 78.6 
May 28-June 5 124 25 15 20.09 79.7 
June 6-9 34 21 Is 18.79 80.5 
June 9-15 35 2] 16 18.86 80.8 
June 15-26 13 17 13 14.92 83.9 
1939 
May 15-25 14 26 22 24.14 78.1 
May 25-29 i4 22 19 20.64 79.3 
May 29-June 2 +t 22 Is 20.04 79.5 
June 17-21 28 21 17 18.05 83.8 
June 21-26 14 16 lt 15.00 84.2 
Average duration of incubation period 19.2 





approximates the time of maximum beetle 
emergence under both laboratory and 
field conditions. Since the preoviposition 
period as shown in table 1, averages 
about 10 days, it appears likely that egg 
deposition in the field is well under way 
by the first week of June. 

The duration of the incubation period 
ranged from 13 to 26 days and averaged 
about 19.3 days. Table 2 shows a sum- 
mary of the records secured during the 
seasons 1938 and 1939. All eggs were kept 
in tin ointment boxes containing moist 
sand. The average daily mean tempera- 
tures affecting the incubation period of 
each lot of eggs ranged from about 78 to 
84 degrees F. The shortest periods of in- 
cubation were recorded in temperatures 
which averaged 80 degrees F. or above. 

Larva.—The newly hatched larva aver- 
ages about 3 mm. in length and is wholly 
white in color with the mandibles some- 
what infuseated. The head turns 
brownish and following the first ingestion 
of soil the darker color of the latter be- 
comes visible within a day or two in the 
distal portion of the alimentary tract. 


soon 


Young larvae with access to an ample sup- 
ply of adequate food soon begin to feed 
and make rapid growth. Two molts oceur 
during the active feeding period, and the 
winter is passed in the third instar or ma- 
ture larval stage. Pupation from the third 
or final instar follows a third molt in the 
spring. 

Two hundred and one larvae were caged 
separately in 4-, 6-, and 8-oz. ointment 
boxes containing moist soil for rearing ob- 
servations. Of this number 10 mature lar- 
vae were preserved and 88 of the remain- 
ing individuals were carried successfully 
to the mature larval stage. A summary of 
the rearing records secured is presented in 
table 3. With reference to these data it 
should be pointed out that the interval be- 
tween observations ranged from 10 to 14 
days and hence the length of instars or 
developmental periods indicated are ap- 
proximations. However, a good number of 
molts were noted on the exact date of oe- 
currence so that the averages of about 51 
and 51 days for the first and second in- 
star, respectively, are seemingly close to 
the normal. The third larval instar, in 


Table 3.—Duration of larval stage in Phyllophaga lanceolata, College Station, 1938 39. 





NuMBER or Larval 
No. OF 17 30 £5 60 
LARVAE 29 tt 59 74 
INSTAR Osservep days days days days 
First 201 6 108 71 11 
Second 201 5 71 1 29 
Third SS 


Total larval period 


IN INSTAR FOR PERIOD SPECIFIED 


75 9 155 IS4 241 WrIGHTED 
89 109 «=~days 260 276 AVERAGE 
days days days days Days 
5 4.92 
12 + 51.14 
] tt 2:5 231.21 
” 97 
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which the winter is passed, ranged from 
155 to 276 days, but a majority of the 
grubs required 6 to 8 months for this 
stage. Based upon weighted averages cal- 
culated for the duration of all instars, the 
total larval period comprised 327.3 days, 
indicating a one-year cycle for the species 
in the latitude of College Station. 
Pupa.—The newly transformed pupa is 
pure white but within a day or two as- 
sumes a tawny tinge, which grows darker 
or reddish brown as transformation to the 
adult proceeds. The pupae average 15 to 
18 mm. in length and 8 or 9 mm. in width. 
Pupation occurs within a cell previously 


Table 4.—Duration of pupal stage in Phyllophaga lanceolata, College Station, 1939. 


REINHARD: PHYLLOPHAGA LANCROLATA AND P. CRINITA 





Re Pp 
v0 


riod apportioned among the three devel- 
opmental stages is about as follows: egg, 
19 days; larva, 327 days; and pupa, 19 
days. 

Phyllophaga_ crinita (Burmeister).— 
The taxonomic history of the species is 
brief. It was originally characterized from 
Mexico by Burmeister (1855) under the 
name Trichestes crinita. The following 
year LeConte (1856) described Lachno- 
sterna glabripennis as a new species, which 
Horn (1887), who saw the type series, pro- 
nounced a synonym of crinita. Glasgow 
(1916) referred the species to Phyllophaga 
and the combination, Phyllophaga crinita 





No. of No. or INpIvipuALs IN Pupat StaGe ror Days SpeEciFIeED WEIGHTED 

Pupat AVERAGE 
Sex Opserveo = 15 14 LS 16 17 19 20 21 22 23 24 Days 
Male tt l t 3 t 6 9 9 3 l 2 19.23 
Female 2 l ; 5 2 2 l 12 l l 2 l 18.31 
Average duration of pupal period 18.97 





prepared by the mature larva. When dis- 
turbed, pupae show some activity and are 
capable of changing position within the 
cell by squirming or twisting the abdo- 
men. 

Records secured on the duration of the 
pupal stage are briefly summarized in ta- 
ble 4. As determined in these studies the 
extremes of the stage may range from 13 
to 24 days. The weighted averages caleu- 
lated from 76 complete records indicate 
that males and females required about 
19 and 18 days, respectively, for trans- 
formation and issuance as adults. The du- 
ration of the pupal period for both sexes 
averaged approximately 19 days. 

SUMMARY. The complete life cycle of 
Phyllophaga lanceolata, under ‘Texas con- 
ditions, may be summarized briefly as fol- 
lows: The beetles emerge in maximum 
numbers in May and egg deposition be- 
gins during the same month. The average 
duration of the egg stage is 19 days. Lar- 
vae, with access to an abundance of food, 
develop rapidly and attain full growth 
within a period of 3 to 4 months. Pupation 
begins by mid April of the following 
spring and pupae are commonly present 
early in May. The duration of this stage 
averages nearly 8 weeks so that the total 
time required for the development of a 
complete generation is one vear. This pe- 





Burmeister), is now generally considered 
valid. 

There are seemingly no references to 
the species in the economic literature of 
this country, but during recent years it 
has been definitely associated with other 
forms injurious to truck crops and lawns 
in various parts of Texas. Phyllophaga eri- 
nita isespecially abundant in the Lower Rio 
Grande Valley. The following records may 
he cited to illustrate this statement: On 
May 16, 1936, 3,597 beetles (2050 males, 
547 females) were taken at Donna in one 
light trap over a period of 30 minutes. A 
second record made at Weslaco on May 17, 
1937, shows 947 specimens taken in one 
light trap kept in continuous operation 
from 8:30 to 10:30 p.m. There are many 
additional records, taken over a series of 
years, to indicate that the species may be 
considered the predominant form in South 
Texas. Northward it occurs less abun- 
dantly, ranging through the west-central 
part of the State to Hardeman County. 
Langston (1927) recorded P. crinita from 
Mississippi under the name P. antennata 
Smith,* and listed pecan as the only 
known food plant. Besides the latter, also 
noted as a food plant of the species in 


* Two specimens received from J. M. Langston in 1930 labeled 
Jackson, Miss., June 1927 (R. H. Kimball) are Phyllophaga 


nita Burm, as considered in this paper. 
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Table 5.—Number of eggs laid by reared adults of Phyllophaga crinita, College Station, 1939. 





NuMBER oF Eaos Laip 





Dati 

1989 Pair 1 Pair 2 Pair 3 Pair 4 Pair 5 Pair 6 Pair 7 

5/22 EP EP EP 

5 25 0 0 0 

5 30 0 0 t EP EP EP EP 

6/3 56 $ 39 0 0 0 rT) 

68 ; ST" 18* 2 t 2 0 

6/13 12” ot) o** 7 Ss 10 } 

617 o** y** 11* 14 l2 7 

6/21 20 16 Ww 19 

6 26 0 +* r) ) 

7/1 0 0" 0 0 

7/8 i 

Total 82 70 61 +0) Th 9 2 
EP—emerged, paired 


” male de ad 
** female dead 


Texas, adults of ecrinita have been ob- 
served by S. W. Clark feeding upon the 
foliage of citrus and Tamaria sp. at Wes- 
laco. 

In the larval stage the species is an im- 
portant enemy of cabbage and has also 
been associated with injury to corn in the 
region of the Lower Rio Grande Valley. 
Parsely is also subject to extensive injury 
by white grubs and P. crinita is probably 
one of the more important forms con- 
cerned in occurrence of such losses. Dur- 
ing 1938 heavy populations of P. erinita 
grubs were observed in Buffalo 
lawns near Spur, Texas. These infesta- 
tions produced considerable damage over 
limited areas and the beetles resulting 
therefrom emerged in maximum numbers 
about the middle of June. 

In common with most other members of 
the genus, Phyllophaga crinita is winged 
in both sexes and nocturnal in habit. The 
beetles range from 12 to 17 mm. in length, 
are yellowish to reddish brown in color, 
with the surface above glabrous except 


grass 


the head and thorax, which are clothed 
with longish erect hairs. The bare elytra 
and the unusually long antennal club of 
the male in P. erinita at once distinguish 
it from both P. lenis and P. tristis, which 
are perhaps the most nearly related spe- 
cles, 

Lirk Cycite.— The 
on oviposition and all 
stages of P. crinita were recorded under 


data accumulated 
dey clopmental 


conditions comparable with those mhen- 
tioned under P. lanceolata. The 
sponding stages from egg to pupa in the 
two species are similar in general aspect, 
and to avoid needless rep tition deserip- 
tive items for P. erinita are omitted ex- 
cept in cases of obvious differences. 

Ovi position.—During May and June, 
1939, seven pairs of P. crinita beetles were 


corre- 


caged for records on oviposition. The data 
secured are given in table 5. As deter- 
mined in these observations the preay Ipo- 
sition period averaged slightly over 7 days 
and the duration of the oviposition period 
ranged from 3 to 5 days. The latter period 


Table 6.—Duration of egg stage in Phyllophaga crinita, College Station, 1938-1939. 





NUMBER 

LARVAE 
Dare Larp HatrcHep Max 
June 6-15, 1938 $2 16 
June 15-26 0 18 
May 23-30, 1989 $53 16 
May 80-June 2 74 15 
June 2-8 37 19 
June 13-17 $1 15 
June 17-21 17 14 


\verage duration of incubation period 


INCUBATION Periop Days Teme 
Av. Dat 
Min Wr. Ay Mean 
1] 12? 62 St) 
9 12 00 S16 
10 12.24 78.1 
13 13.76 78.9 
12 3.91 Lae | 
11 5.10 S21 
10 11.505 $2.7 
12.71 
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Table 7.—Duration of larval stage in Phyllophaga crinita, College Station, 1938-39. 





NuMBER oF Larva! 


No. o1 

LARVAE 21-29 30-44 $559 
Instak Opservep days days days 
First 83 9 15 7 
Second 83 34 27 21 
Third SI 


Total larval period 


IN INSTAR FOR PERIOD SPECIFIED 


WEIGHTED 


60-74 177-209 210-239 240-277 AVERAGE 
days days days days Days 
2 33.82 

I 34.58 
43 24 14 212.89 

281.29 





may be considerably more protracted un- 
der natural conditions and probably the 
total number of eggs laid per female is 
greater than the records indicate for bee- 
tles in close confinement. 

A summary of the available data on the 
incubation period required for P. erinita 
eggs is presented in table 6. In mean tem- 
peratures averaging about 80 degrees F., 
embryonic development was completed 
in 9 to 19 days and over the entire period 
of observation averaged about 13 days 
as compared with 19 days for P. lanceo- 
lata eggs incubated under comparable 
temperature conditions. 

Larva.—The newly hatched larva soon 
begins to feed and develops rapidly in the 
presence of an abundant supply of suita- 
ble food. As in the case of P. lanceolata, 
two molts are required for the larva to at- 
tain full growth and the winter season is 
passed in this developmental stage. Trans- 
formation to the pupa occurs in the spring 
with the completion of the third or final 
larval molt. Out of a total of 83 newly 
hatched P. erinita larvae placed sepa- 
rately in 4- and 6-0z. ointment boxes, 81 
individuals were reared to maturity. 
These records are briefly summarized in 
table 7. Calculated on the basis of indi- 
vidual rearing records, the duration of the 
first and second instar each was approxi- 
mately 34 days. The last larval instar is 
greatly protracted by the winter season 
when the larvae remain more or less qui- 
escent. The total larval period of erinita 


Table 8.—Duration of pupal stage in Phyllophaga crinita, College Station, 1939. 


averaged about 281 days or nearly 46 
days less than the corresponding stage for 
lanceolata under comparable conditions. 

Pupa.—In the present species the pupa 
averages a trifle smaller in size than in 
lanceolata but is quite similar in other re- 
spects. The time required for transforma- 
tion to the adult is also practically the 
same in the two forms. Out of a total of 81 
crinita larvae under observation, 79 pu- 
pated successfully and emerged as beetles. 
The individual records secured are sum- 
marized in table 8. The minimum length 
of the pupal stage was found to be 16 days 
for both sexes and the maximum 27 and 
31 days for male and female, respectively; 
the average for both sexes totaled approx- 
imately 20 days. 

SumMARY.—As determined in_ these 
studies the complete life cycle of crinita 
may be summarized as follows: The bee- 
tles begin to emerge in May and are com- 
monly active throughout June. Earliest 
oviposition in the laboratory was noted on 
May 25 and the last on July 13. About 13 
days are required for the eggs to hatch. 
The larvae continue feed for two or 
three months and attain full growth dur- 
ing September or October after which 
they remain quiescent throughout the 
winter season. Pupation begins about 
mid-April and pupae occur commonly in 
May. Approximately 20 days are required 
for the pupal stage, from which the bee- 
tles begin to emerge in May to complete a 
one year life cycle. Under favorable rear- 





No. OF No. or INDIVIDUALS IN PuPAL STAGE FoR Days SPECIFIED 





WEIGHTED 


Pupat AVERAGE 
SEX OpseRVED 16 17 Is 19 20 21 22 23 24 25 27 $1 Days 
Male 12 l 6 9 9 9 t » l 2 20.50 
Female 37 $ 5 5 7 3 5 } l 2 l l 19.73 
Average duration of pupal period 20.11 
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ing conditions the average duration of the — pupa, 20 days. These periods total $14 
developmental stages was determined as days as compared with 365 days for P. 
follows: egg, 13 days; larva, 281 days;and —lanceolata.— 1-13-40. 
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SCIENTIFIC NOTES 


Mosquito Collections at Charleston, curring in the southeastern states thirty-six are ree 
South Carolina, Using the New corded from Georgia, thirty-one from North Caro 


lina, and only twent seven, from South Carolina 


Jersey Light Trap Suan 0 ty wal 


Is rprising that ol the twenty-five 
From July 19 to November 1, 1939 the mobile species rep rtedint S pape ne of these are new 
fedes aegypti Control Unit of the I S Public records, increasing the tota ecorded from South 
Health Service was stationed at Charleston, South Carolina to thirt SIN 
( arolina In connection with the routine mosquito Phe four mosquito traps used were of the New 
control activities of the unit a mosquito survey, Jersey type, model 50, th the light, fan, and auto- 
using light traps, was m ide. This survey, extending matic timing switch of each electrically operated 
from August 5 to October 19, doubtless revealed but They ran each night from 6:30 pom. to 3:30 4M 
a fraction of the mosquito species ia tually present and were visited twice week! They were located 
and cannot be regarded as a complete sample of the n the north, east, south and west sections of the 
mosquito population Ne ertheless this survey, even enty In table 1 the collections from all four ts ips are 
though incomplete, obviously could not be con totalled together, the catches of the various traps 
tinued by the authors, and t will be presented isi not being significantly different from each other In 
stands this table each species, or group of species, 1s listed 
Judging from the recent paper b> King, ef a by weeks along with the 1 nifall us nehes and the 
1939) the mosquito records from South Carolina mean maximum and minimu temperatures for that 
are relatively seanty. Of the sixtv-two species o week. When these result e ple tted raphically 


Table 1.—Trap collections listed by weeks. 
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thes show that warmer weather is generally accom 
panied hy greatly increased trap catches, while the 
relation to rain: ll is more obscure 

In table 2 all the mosquito species whi h were en 
countered at Charleston are listed. The numbers of 
each species trapped are added to show the relative 
abundance of that species in the light traps Three 
of the species, marked (R) in the table, were never 
trapped but were reared from larvae collected in 


( harleston County The nine asterisked species are 











Table 2.—Mosquitoe Species Encountered 
July 18 to Nov. 1, 1939. 
Por \l 
NUMBER 
SPECIES TRAPPED 
fnopl Wied 190 
{nophe ‘ yuadrim vulatus Say 7 
* Adi nfirmatus D. and k 29 
fede Group Serratu spp 20) 
* Aedes tlanticus D and kK 
* fod lupreei (Coq 
ledes t ntor D. and k R 
fedes t ifus (Sa > 
fedes aegypti (L 9 
*Aed ms (Mey ot 
fed licitans (Walk 19S 
fedes taentorhynchu Wied 9850 
Culer (Cu spp 2447 
Theol nelanura (Coq 
(uler quu wha tus Say 
*/ nig is Theob 
(ul Haina § Coq 
( ule rpicalis Adams 
Cu Velan mium) spp Lhoz 
*Culex pilosu D. and kK 
*Psorophora columbiae (WD. and h S 
Psorophora Humb } 
Psi t ciliata (1 ) 
P ral india Cog R 
Ortho po mifera (Coq ; 
*lranotacnia Theob JOS 
/ ranotarr I a p! rina is 231 
* Megas ptentrionalis D. and K g 
R RK 
N ~ ( 
those not recorded from South Carolina in’ King 


Bradle - 
dently new ree 

Phe authors 
\lan Stone of the 
Quarantine, |S 
kindly checked over the adult specimens and yvenita 
lia submitted to him and confirmed the identifica 
tions of all the species represented Acknowledgment 
should be made to the City of Charleston and certain 


ind MeNeel’s bullet 
ords for the state 
ire greatly indebted to En 
fureau of Entomology and Plant 
Avriculture, who 


tomolo rist 


Department of 


of her eitizens who supplied locations and current 


for the traps. Acknowledgment is also due Junior 
Entomologist E \ Welch, with the unit, who 
aided the senior author in separating and identifying 
some of the material 

SUMMARY In connection with Aed requ pticon 


in Charleston, South Carolina, a mos 
quito light trap survey was carried on from August 5 


to October 19, 1989 


trol activities 
The necessarily short duration 
a poor sample of the total 
Yet, of the twenty-five 


of the survey made it 


number of 


Species present 


SCIENTIFIC NOTES 





579 


species found, nine were new records for South 
Carolina.— 1-29-40. 

FRANK W. Fisk, Junior Entomologist, and JAMES 
H. Le Van, Passed Assistant Sanitary Engineer, 
United States Public Health Service. 
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Tartar Emetic Sprays Against 
Red Spider 


During the spring of 1938 studies were undertaken 
for the purpose of finding whether the tartar emetic 
and brown sugar spray recommended for the control 
of the gladiolus thrips ( Taeniothrips simplex (Morri- 
son)) would be effective against the common red 
spider (Tetranychus telarius (L.)). In a preliminary 
test made on greenhouse cucumbers infested with 
the red spider three applications of a spray consist- 
ing of 4 pounds of tartar emetic and 16 pounds of 
brown sugar per 100 gallons of water resulted in 100 
per cent kill. Rather serious burning of the foliage 
occurred, however, with a consequent reduction in 
the fruit yield. Because of the high mortality ob- 
tained in this first trial, it was considered desirable 
to make further tests on a fall crop of greenhouse- 
grown cucumbers. In these tests 2 and 4 pounds of 
tartar emetic were each combined with 8 and 16 
pounds of brown sugar per 100 gallons of water. 
Single applications of these sprays resulted in kills 
ranging from 98.3 to 99.3 per cent. Only slight injury 
to the foliage occurred and this injury was more pro- 
nounced in the plots receiving the higher concentra- 
tions of tartar emetic. These plots also produced a 
lower yield of cucumbers. 

In connection with the foregoing results it is of 
interest to record here an observation made by 
Floyd F. Smith, of the Bureau of Entomology and 
Plant Quarantine, United States Department of 
Agriculture, incidental to some greenhouse spray 
tests on the gladiolus thrips. Dr. Smith noted that 
the plots of gladiolus treated with tartar emetic and 
brown sugar spray were practically free from red 
spider whereas untreated plots were infested. The 
material exercised a prolonged residual effect in pro- 
tecting the gladiolus, since the plants were practi- 
cally free of mites six weeks after the last spray had 
heen applied 

One serious objection to the use of the sugar mix- 
tures is that they leave a sticky residue on the plants. 
Further tests under laboratory conditions were 
therefore undertaken with tartar emetic and brown 
sugar and with tartar emetic and other materials in 
an effort to find some new combination that would 
be as effective against red spider and would also 
eliminate the objectionable sticky residue. For this 
work carnation cuttings infested with red spider 
were employed. Individual cuttings were kept in 
separate bottles of water and each cutting was 
treated with a different spray combination. Each 
cutting was held in place by inserting the stem 
through a hole in the cork. This hole was then 
plugged with cotton and a thin ring of sticky tree- 
banding material was applied to the junction of the 
stem and the cotton plug to prevent migration of the 
mites from or to the carnation foliage 

The materials tested included various quantities 
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of tartar emetic (U.S.P.) in combination with differ- 
ent quantities of brown sugar, glycerin, dextrin, and 
a proprietary molasses-like by product of the corn 
syrup industry. Since Boyce & Persing (1939) had 
substituted glycerin for the brown sugar and re- 
ported promising results against the citrus thrips 
(Scirtothrips citri (Moult on lemons, this material 
was included in tests against the red spider. The fol- 
lowing proprietary wetting and spreading agents 
were tested as substitutes for brown sugar: a skim- 
milk product; refined white oil stock emulsion; so- 
dium oleyl sulfate; sodium oleyl sulfate plus a 
synthetic resinous sticker; and sodium lauryl] sulfate 
In preliminary tests greenhouse-grown tomato had 
tolerated these materials in combination with tartar 
emetic 

The materials were applied as a fine mist from a 
small hand atomizer. Mortality counts were made 48 
hours after treatment 

None of the treatments was replicated in any of 
the tests, but some of them were repeated in differ- 
ent series. Since the tests were conducted under 
laboratory conditions and with carnation cuttings, 
it was necessary to use only small quantities of the 
sprays. The various formulas used are expressed on 
the basis of 100 gallons of water 

The tartar emetic-brown sugar sprays gave high 
percentages of mortality as is shown by the following 
summary 


Mortality 


Mixture Per Cent 


Tartar emetic 4 lbs., sugar 8 Ibs., 94.53 
Tartar emetic 2 lbs., sugar 8 Ibs., 96.8 
Tartar emetic 1 lb., sugar 8 Ibs., 94.5 
Tartar emetic 2 lbs., sugar 4 lbs., 95.7 
Tartar emetic 1 lb., sugar 4 lbs., 86.0 


These results agree with those obtained in the tests 
with cucumber, but the objectionable sticky residue 
was not eliminated even when the brown sugar was 
used at a rate as low as 4 pounds per 100 gallons 

When glycerin was substituted for the brown 
sugar, very encouraging results were obtained. Gly« 
erin used at a rate of either 2 or 3 gallons, in com- 
bination with 2 pounds of tartar emetic, produced 
kills of 90.8 per cent and 93.4 per cent When 1 gal- 
lon of glycerin was used in separate combination 
with 1, 2, 3, and 4 pounds of tartar emetic, mortali 
ties ranging from 73 to 88 per cent resulted. When 2 
quarts of glycerine were used with the same quanti- 
ties of tartar emetic, kills ranging from 53.4 to 83.1 
per cent were obtained. One quart of glycerin and 
2 pounds of tartar emetic gave a 59.7 per cent kill 
Therefore, with these quantities of tartar emetic and 
water | gallon or less of glycerin seems insyfficient 
for consistently good control. Two or 3 gallons of 
glycerin in combination with 2 to 4 pounds of tartar 
emetic per 100 gallons of water would appear to be 
a satisfactory combination. Further tests are needed 
to establish this point 

\ spray containing 2 pounds of tartar emetic and 
3 gallons of the by product of corn syrup killed 89.9 
per cent of the red spider, but it left a dark, sticky 
residue which was more objectionable than that from 
the brown sugar sprays 

Tests using 2 pounds of tartar emetic in combina- 
tion with 4 pounds of dextrin and with 2 pounds of 
the proprietary skim-milk product showed very low 
kills. When 1 gallon of white oil emulsion was sub 
stituted for brown sugar, similar results were ob- 
tained, and this combination adversely affected the 
bloom on the carnation foliage. This condition would 
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be objectionable since the bloom on the foliage con- 
tributes to the value of the cut flowers 

Sprays consisting of quantities of tartar emetic 
ranging from | to 8 pounds per 100 gallons of water 
plus 4) ounces of sodium laury! sulfate, or 1] pints 
of either sodium oley! sulfate or sodium oley! sulfate 
with synthetic resinous sticker, resulted in very low 
kills. 

Sprays containing either tartar emetic or brown 
sugar alone gave very low mortalities 

Untreated checks showed an average mortality of 
9.1 per cent and water-sprayed checks a mortality 
of 11.9 per cent 

From the foregoing results it appears that, while 
tartar emetic and brown sugar sprays are effective 
against the common red spider, they leave an objec- 
tionable sticky residue on the plants. The indications 
are that a spray consisting of 2 or 3 gallons of glye- 
erin and 2 to 4 pounds of tartar emetic per 100 gal- 
lons of water may be substituted without reducing 
the effectiveness and at the same time without leavy- 
ing a sticky residue or a poison that would be washed 
off by the normal watering of the plants.—2-10-40 

C. A. Weitcer and G. V. Jounson, U.S. Dept. of 
fyr., Bureau of Entomology and Plant Quarantine. 
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Inheritance of Resistance to 
Hessian Fly 
The wheat variety Dawson is known to be highly 
resistant to the hessian fly (Phytophaga destructor 
Say)) in California, and a study of the inheritance 
of this resistance in a cross bet ween Dawson and the 
susceptible variety Poso indicated that it is con- 


trolled by two genetic factors (1936 Subsequent 


Table 1.—Comparative hessian fly infesta- 
tions of parents and F, generation hybrids as de- 
termined from field counts at Birds Landing, 
Calif., in 1938. 





I Ly- 
Torat INFESTED 
PLANTS PLANTS, 


PARENT OR CROSS Opserveo Per Cent 


Poso susceptible check 230 oo 
Dawson (parent 9S i) 
Illinois No. 1 W 38 parent his 9 
Illinois No. 1 XN (Norka> 

(Carina) (parent 104 ol 
Dawson X Illinois No. 1 WS 

(F. population 1,54 16.8 
Dawson X (Illinois No. 1> 

Norka& Carina 

F, population 1,507 20.8 





tests have indicated a resistance less pronounced 
than that of Dawson occurring in some wheat varie- 
ties and strains of the Java type. Two strains ex- 
hibiting this resistance are Illinois No. 1 W 38 and 
Illinois No. 1% (Norka& Carina), which were ob- 
tained from the Indiana Agricultural Experiment 
Station. These were crossed with Dawson and the 
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Table 2.—Distribution of parents and F; rows of named crosses among 5 per cent classes of hessian 
fly infestation as determined from field plantings at Birds ements | Calif., in 1939. 





DistrRinuTioNn oF Rows py INpicaTep PERCENTAGE OF F LY Iuruseateos* 


PARENT OR 


Cross 2.5 | 7.5 12.5 17.5,22.5 27.5 398.55 
Pox susceptible l 2 0 
Dawson 5 
Ill. No. 1 Was | 3 
ill. No. 1 > 2 l LL l l 
Norka X Cari 
Dawson X11 17 5 5 ; l ? 0 
No. 1 W 3S 
Dawson X (1 
No. 1X (Norl 170 25 11 7 6 ? 
(Carina 


> 
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TorTaL 
NUMBER 
Rows 


5 47.5 52.5 57.5 62.5 67.5 72.5 87.5 92.5 


2 0 5 l 2 l 2 2 19 


8 
4 


x 
v 


36 


234 





* Percentages shown are class centers 
resultant hybrids have been tested during the past 
2 years. The infestations by the fly during this period 
were insufficient for an exact factorial analysis of the 
data on the F, or F but the 
tions observed are particularly suggestive 
inducive to continued inheritance studies 

Comparative hessian fly infestations of parents, 
and susceptible checks for 1938 and 1939 
are given in tables | and 2. In the tests of 1938 the 
susceptible Poso check averaged only 69 per cent 
infestation as compared with the range of 88 to 97 
infestation recorded for the previ- 
The infestation of the 2 
populations in 1938 averaged higher than the pre- 
viously studied Dawson Poso F 1936), 
though two resistant parents were involved in the 
The infestations of the F; families in 1989 
indicate that at least three heterozygous or suscepti- 


generations, segrega- 


and are 


hy brids, 


per cent average 


ous 6-year period two 


even 


cTosses 


ble families occurred in the cross Dawson X Ill. No. 1 
WON and at least ten in the cross Dawson X (Ill 
No. 1X(NorkaX Carina If the factor or factors 
for resistance in Il] No l W SS and Til No ] 


identical with one or both 
these famlies would not be ex- 


Norka™& Carina) were 


of those in Dawson, 


pected in the crosses. The data therefore indicate 
that Ill. No. | W388 and J//. No. 1 ( NorkaX Carina 
differ from Dawson by at least one factor for fly 


resistance. Further tests are in progress to confirm 
these results and to extend the research to other 
wheats resistant to the hessian fly.—-3-23-40 

W. B. Nosie and W. B. Cartwricut, U 
Department of Agriculture, Bureau of I itomology and 
Plant Quarantine, and C. A. Sungeson, U.S. De part- 
ment of Plant Industry, 
operating with University of California 


S 


fyriculture, Bureau of 


CO- 
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Destruction of an Experimental 
Population of Bean Weevil by 
Pediculoides ventricosus 
Newport 


While working with the bean weevil, Acantho- 


scel ude 8 obtectus (Say), in a study of the effects of 
inbreeding on fertility and egg hatchability, 
festation of the Pediculoid: 


ann 


mite s ventricosus New 


port broke out in the pedigreed stocks. The source 
of the infestation was a stock of Bruchus quad- 
rimaculatus Fab. collected in the field and cultured 
in containers which were kept in the same incubator 
as the bean weevil cultures. The B. quadrimaculatus 
stock was collected near Athens, Georgia, in the fall 
of 1937 and all of the cultures were maintained at 
the University of Georgia. In pedigreeing the bean 
weevils, two-ounce salve tins were used for the indi- 
vidual pairs and their progeny. Some individuals of 
B. quadrimaculatus were reared in the same kind of 
containers. The bean weevil cultures were examined 
daily whereas the B. quadrimaculatus cultures were 
not. By the time the infestation in the latter was dis- 
covered, the young mites had spread from those cul- 
tures to all others in the incubator. 

Chittenden (1898), Garman (1917), Larsen (1920), 
and others have noted the activities of the mite, 
Pediculoides in preying on bruchids. 
None of these authors mention it as attacking the 
eggs of Bruchidae. Several other authors have noted, 
however, that eggs of other species of insects are at- 
tacked by the mite 

In the pedigreed cultures of the bean weevil dur- 
ing the oviposition period, three beans, underneath 
which the females deposited their eggs, were placed 
in each container. When the first-laid eggs started to 
hatch, the bean weevil pairs were transferred to an- 
other containers and twenty or more beans were 
added to the original in order to insure sufficient 
food for the larvae. Under those conditions, excellent 
opportunities were afforded to observe the activities 
of the mites while they were invading the bean 
weevil cultures. 

Although the lids of the salve tins in which bean 
and B. quadrimaculatus were being cult- 
tured fitted snugly, young mites appeared to be able 
to leave or to enter them at will. The young mites 
seemed to prefer the eggs of the bean weevil as food. 
Soon after their discovery in the cultures, young 
mites were noted with their beaks imbedded in the 
eggs of the host. Occasionally two or three young 
mites would be feeding on the same egg. The mites 
would remove the entire content of the egg, leaving 
only the flattened chorion. Where several mites en- 
tered the same culture, all bean weevil eggs con- 
tained therein were soon destroyed. 

If only one or two young mites invaded a single 
culture, not more than five or six eggs of the bean 
weevil would be destroyed by them. After feeding 


rentricosus, 


weey il 


on the eggs for two or three days the young mites 
developed into gravid females and as such their 
abdomens became enlarged rounded masses. 


At the 
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temperature at which the cultures were maintained, 
27 degrees centigrade, the gravid females produced 
young oviviparously on the average of seven days 
after they were first discovered in the culture. Some 
of the females produced as many as forty young a 
day three to four days after they started reproduc 
ing. The enormous number of young mites thus pro 
duced attacked and destroyed any unhatched eggs 
of the weevils, attacked and killed the newly hatched 
larvae before the latter had entered the beans, or 
followed the burrows of the larvae into the bean and 
destroyed them there before they had had a chance 
to develop to any great extent. Such cultures of the 
weevils were thus completely destroyed 

Where the young mites entered the bean weevil 
cultures after egg-laying by the latter had been com 
pleted and most of the eggs and hatched, they were 
largely limited in their activity to attacking only 
the larvae and pupae In certain instances some of 
the bean weevil larvae escaped attack but in most 
such cultures the second or third generation mites 
found and attacked the older larvae and pupae If 
the attack was made during late pupal development 
of the host, some individuals were able to emerge as 
adults. Many of these adults had elytra abnormal 
because there were as many as thirty or more mites 
underneath them; hosts in this condition at emer 
gence would live only a day or so and did not lay 
eggs. Those weevils carrying only a few gravid fe 
male mites were able to fly and to deposit a few eggs 
It is probable that in nature such hosts, that is the 
lightly infested ones, are very efficient in spreading 
the infestations 

Attempts to sub-culture families when infestation 
with the mite was apparent always met with failure 
Even though no gravid females were carried by the 
adult bean weevils, one or two young mutes, eusil 
overlooked during 
transferred with the hosts 
etherization also were unsuccessful 
was eliminated only when all cultures and used con 


examination, probably were 
Attempts at differential 


The infestation 


tainers were put in the incubator and the tempera 
ture elevated to 60 deyrees centigrade for a day, a 
process which killed all the mites free in the incuba 
tor as well as those in the culture tins. The extermi 
bean weevils was 


nation of the various lines of 


considered a great loss as many had been closely 
inbred for as many as six generations 2--40) 
Raven J. Busunene. University of Conn 


Storrs, Clon 


fy / 
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Minimum Size of Openings Through 
Which Clothes Moth Larvae 
Can Pass 

The housewife may put away woolens free from all 
stages of clothes moths in boxes or other containers 
that are tight enough to prevent entrance of the fly 
ing moths and find, upon taking them out several 
months later, that they have become infested in 


some unknown manner. The mode of infestation is 
\ female moth, in search of a 


probably nes follow < 
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place to lay her eggs where her offspring will be pro- 
vided with food, locates a crevice in the box. Finding 
the crevice too small for her to pass through, she 
lays her eggs in it, so that the tiny larvae, which 
hatch a few days later, can craw] into the box among 
the woolens 

Tests have therefore been made to determine the 
exact size of the crevice through which a newly 
hatched larva of the common webbing clothes moth 

Tineola biselliela QHum can pass 
scope slides 3 inches long and L inch wide, with the 
centers hollow ground, were paired, the hollow sur- 


Glass micro- 


faces facing each other. They were separated by bits 


of brass leaves cut from a “feeler”” gauge, such as Is 
used to space auto spark plug ups Within the vlass 
cell thus formed was placed uninfested wool. The 
whole was held together with rubber bands. Cells 
were made with crevices ranging in width from two 
thousandths to ten-thousandths of an inch Many 
of these cells were kept fora per od of 30 days w here 
larve numbers of moths At the end ul 
was found that all cells with crevices 


there were 
this time it 
four-thousandths of an inch or larger had become 


infested with clothes moth larvae, whereas those 


with smaller crevices had remained uninfested 
22-40 
Watntace Cotman, U.S. Department of Ags 


ture, Bureau of Entomology and Plant Quarantin 


The Golden Codling Moth; 
A Second Note 


te on thos interesting 
te sufficient 


us possible the 


My reason for publishing a no 
variety of the codling moth was to crea 
interest to ascertain as thorough! 
distribution of this variety of the moth 
throughout the apple-growing districts of the world 
\ letter dated February 20, 1940 just rece ved from 
Mr. R. I. M. Prescott, Gov Entomologist, 
Department of Agriculture, Victoria, Australia, is, I 
think, worth publishing in full as follows 

“Tam very interested in your 
number of the Journan or Economic I . 
December, 1a, dealing with the Golden ¢ odling 
Moth, Carpocapsa pomonella (L pron 
Busck., mm the distribution of 
this variety in the United States. Lam passing 


codling 


ernment 


irticle in the recent 
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and in your remarks « 
on to 
you my experience Ww ith what I take is this species in 
Victoria 

‘My attention was 
colour form of the Codling Moth two sea 
stern district of this 


first directed to this unusual 
sons ayo 
we know as the northea 
This district has one small: pple yrow ing area, 
which is situated at an altitude of roughly 


nnual rainfall of some 50 


what 
State 
Stanley, 
2,500 feet and receives an a 
In addition, if is a one 
presents little diff 


to 60 inches browned codling 


moth district, which naturally 
culty from a control point of view. This variety of 


| 


the codling moth was first ol served in lure jars by 
our local ore hard supervisor, and repres¢ nted only 


some 2 or 3 per cent of the total catch of moth. Dur 


ing this season just reaching its completion, a 
commencement has been made with breeding ex 


periments with this variety, but, up to the present, 
no results are available. This district is the only one 
in which this particular form has been noted 

ai) would be pleased to hear from vou on this mat 


ter, and, if you would like to have Victorian spect 


mens of this moth to compare with your own 
specimens, I will forward same to vou »-2S8- 0 
E. O. Essic. University of California, Berkeley 
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Effect of Lime Sulfur and of Oil 
Sprays on Treehopper Eggs 
and Emergence 


It was established by the writer (Yothers 1924, 
1934) that lime sulfur sprays at 3 to 4 degrees 
Baumé killed only about half as many eggs of the 
treehopper Stictoce phala inermis (F.) as were killed 
by oil emulsion sprays containing 3 to 4 per cent of 
oil. For the purpose of determining why these re- 


sults were obtained, additional observations were 


made which led to the following conclusions 

Eggs sprayed with oil emulsion may be saturated 
with the oil and as a result become shriveled and dis 
colored and die. Or, only the outer tips and a small 
portion of the « horion may be saturated and in such 
cases the embr vos appear normal W ithin the chorion, 
but few of them are able to break through the hard 
ened tip and emerge. Or, the outer tips alone may be 
burned and darkened and in that event the young 
emerge more or less normally to a certain point, but 
hevond that thet progress Is retarded hy the tough 
ened chorion and they are soon overcome by the 
heat and dry air and die without completing emer 
gence 

Lime s fur does not seem to penetrate the eygs 
sufficiently to kill very many of them nor does it 
appear to burn the tips of the eggs to the same ex 
tent as the oil. Many of the emerging voung, how 
ever, are prevented from hatching in another was 
Lime sulfur causes the bark about the evy slits to 
harden nl d hecon S harsh and sharp edged When 
the hatching voung attempt to push out of the egy 
slits the sharp edges of the bark retard or prevent 
their emergence and thev soon die 3-29-40 

M. A. Yoruners, (. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 
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Food Habits of Sparrow Hawks 
in Utah 

During recent vears, large numbers of sparrow 
hawks, Falco sparvarius sparvarius Linn., have been 
observed on or around farms in many rural areas of 
Utah. The following report is based upon an exami 
nation of SL stomachs taken from specimens col 
lected since 1935. The method used in determining 
the number of grasshoppers present was to count the 
recognizable ‘ audal ends of abdomens, as these usu 
ally remained intact until digestive processes were 
well; dvanced 

The clearly recognizable remains of 1,380 Ort hop 
tera were present in the SI stomachs examined, 79 of 
the stomachs containing a total of 1,345 grasshop 
pers (in addition to large quantities of grasshopper 
fragments which were too thoroughly digested to be 
readily determined as to number of specimens repre 


sented: also several hundred yrasshopper eggs were 
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present which evidently had escaped from torn 
abdomens of females which had been eaten); 26 
field crickets and 9 sand crickets also were present. 
Several hundred of the grasshoppers were found to 
be in excellent condition and could be recognized to 
species; these consisted, roughly in the order of 
their abundance, of Melanoplus femur-rubrum, M. 
mexicanus, M. bivittatus, Trimeratropus sp., Dis- 
sostetra carolina, Camnula pellucida, Aulocara elliotti, 
irphia pseudonietana and occasional specimens of 
less abundant species. This examination showed an 
average of 17 recognizable grasshoppers per stomach 
for the 79 hawks, plus other insect and rodent ma- 
terial in many of the stomachs. The stomach of one 
sparrow hawk, taken near Heber during September 
of 1939, where a serious grasshopper outbreak was in 
progress, contained 70 recognizable grasshoppers, 
mostly Melanoplus femur-rubrum, M. mericanus and 
M. bivittatus. Ten hawks taken in this Heber area 
on the same cloudy day contained 441 mature grass- 
hoppers, or an average of 44.1 per stomach; in 
addition the stomachs contained 3 lepidopterous 
caterpillars, 2 crickets, 4 beetles, 1 Myrmeleonid. 
One stomach contained two small mice while another 
held some mouse flesh and hair. 

Coleoptera formed the next most important item 
of the food. Forty-eight of the 81 stomachs contained 
beetles or their recognizable remains. Fifteen ceram- 
byecid specimens were present in the stomach of a 
hawk taken among greasewood at Iospa on Septem- 
her 11, 1935 (this was the largest number of beetles 
found in any one stomach during the study). Other 
heetles included 6 Carabidae, 4 Elateridae, 2 Scara- 
baeidae, 39 miscellaneous beetles, and 1 each of the 
following: Curculionidae, Chrysomelidae, Coccinel- 
lidae, Staphylinidae and Silphidae, making a total 
of 71 Coleoptera. The presence of one coccinelid 
beetle in one of the stomachs was of interest because 
it is rather commonly believed that ladybird beetles 
are not eaten by birds. No adult moths or butterflies 
were found but 15 of the stomachs contained a total 
of 20 caterpillers, 6 of which appeared to be cutworm 
larvae. Eight stomachs contained Diptera, one speci- 
men being an adult, the other 14 being maggots, 
most of these probably being Sarcophaga kellyi, 
larvae which are common internal parasites of grass- 
hoppers throughout Utah. Eleven winged ants were 
present in four stomachs. Two Hemiptera, both 
Pentatomidae, and two Odonata, damselflies, were 
present, each in a different stomach. Numerous un- 
identifiable insect fragments also were present. 

Non-insect material consisted of five spiders and 
one tick (the latter attached to a piece of rodent 
skin) in six stomachs. Seven stomachs contained 
flesh and hair or entire mice, apparently Mus and 
Vicrotus. Four stomachs each contained a lizard, 
the sagebrush swift, Sceloporus graciousus graciousus. 
Seven wheat kernels, grain hulls and a few pebbles 
also were present. 

The above summary indicates that the sparrow 
hawk is preponderantly beneficial in food habits in 
spite of its occasional consumption of beneficial forms 
such as the one ladybird beetle, six ground beetles, 
two damsel-flies, several parasitic maggots, the few 
spiders and four lizards 

Several dozen sparrowhawks were observed lying 
dead along Utah highways during the past season. 
Many of these apparently were killed by passing 
automobiles although others undoubtedly were de- 
stroved by fire arms 2-2-40. 

G. F. Knowuron and F. C. Harmston, Utah 

iyricultural Experiment Station, Logan. 
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Leafhopper Reaction to Lawn 
Sprinkling 

The very marked relation bet ween rainfall and the 
abundance of one common Puerto Rican grass- 
inhabiting leafhopper, Cicadella (Kolla) similis 
Walker, has previously been noted (Wolcott 1921 
Mr. F. J. Julia of the Isabela Sub-station reported 
in January 1940 an extensive outbreak of another, 
somewhat less common, grass-inhabiting leafhopper, 
Kolla fasciata Walker, in a casuarina-shaded lawn of 
“gramma™’ or St. Augustine grass, Stenotaphrum 
secundatum, on the outskirts of Aguadilla, P. R. 
The chalky white nymphs were present in consider- 
able abundance, and adults averaged possibly sev- 
eral hundred to the square foot, mostly restricted to 
three circular areas ten or twelve feet in diameter 
\ month later, the leafhoppers were still present in 
small numbers, but the grass in the previously in- 
fested areas was dead. Seeking for an explanation of 
why the insects should have restricted their attack 
to such definitely marked areas, it was found that 
near the center of each was the nozzle of an under- 
ground pipe sprinkler system. It would appear that, 
in attempting to produce what were presumed to be 
optimum moisture conditions for the lawn during 
dry weather, such an exceptionally favorable en- 
vironment had been created for one species of leaf- 
hopper that it became sufficiently abundant to kill 
the grass.—3-11-40 

Georce N. Worcorr and Luis F. Marroreny, 
Agricultural Expe riment Station, Rio Piedras, Puerto 
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Dichloroethyl Ether in Mineral Oil 
for Corn Earworm Control 
in Sweet Corn 

The usefulness of mineral oil for protecting sweet 
corn ears against earworms (//eliothis 
(Hbn is limited by the character of the husks, be- 
ing more effective in ears having long, tight husks 
than in those having short, loose husks. Since most 
of the sweet corn varieties now grown are character- 
ized by ears with husks neither long nor tight enough 
to allow a suitably high percentage of control by the 


arniigera 
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use of oil alone, a search was made for materials 
which when added to the oil would increase its effec. 
tiveness. It was found in March 1989 that pyreth- 
rum extract (pyrethrins) would serve this purpose. 
But because this material was expensive and gave 
results that were not perfect when used at concen- 
trations corn growers could afford, further studies 
were made during the summer of 1939. These stud- 
ies, which were made by the writers while working 
independently, showed that oil containing dichloro- 
ethyl ether gave a higher degree of control than oil 
containing pyrethrins, at a much lower cost. 

The results obtained by one investigator in treat- 
ing sweet corn with mineral oil containing dichloro- 
ethyl ether are summarized in table 1. The corn Was 
in three fields and was of the varieties Bantam Ever- 
green, Kancross, and Vangard. The ears were treated 
between September 2 and 6 and examined bet ween 
September 11 and 14. The results of the second in- 
vestigator are given in table 2. These tests were car- 
ried on in eight fields and with the following varie- 
ties of corn: Golden Cross Bantam, Whipple's Yel- 
low, Marcross 13-6, and Maule’s Lead-All. The ears 
were treated between July 31 and September 8 and 
examined between August 8 and September 19 


Table 2.—Effectiveness against corn earworm 
larvae of white mineral oils of 125 to 135 or 200 
to 210 seconds Saybolt viscosity containing vari- 
ous percentages of dichloroethyl ether applied to 
ears of sweet corn. Experiments by B. B. Pepper. 








Per Cent Noum- Num- Per Cent 
DicHLoRo- BER BER Ears Prorectrep! 
ETHYL OF OF 
Erner Tests Ears Range Average 
o.5 , 150 74.0 76.0 75.3 
1.0 13 650 &t.0 9OS_O 94.9 
2 0 1 500 SO 1000 960 
3.0 5 250 SS.0- DRO 95.2 
+0 } 150 96 .0-100.0 98.7 
5.0 5 250 9 0 Os 0 95.6 
Checks bat wo 0 +0 0.7 
lt ninfested ears 


Mineral oil containing more than 3 per cent of di- 
chloroethyl ether caused burning or rot of the silks 
and husks, but oil containing less than 3 per cent 
of this material did not injure the corn ears and gave 
practically as good control 


Table 1.—Effectiveness against corn earworm larvae of white mineral oil of 200 to 210 seconds 
Saybolt viscosity containing various percentages of dichloroethyl ether applied to ears of sweet corn. 


Experiments by G. W. Barber. 





Per Cent Ears Containing FoLtuowine Toraut Larva 
Bans Types Larvat Porputations ar Harvest IN Ears 
Per CENT 
DicnvoroetHyL Number Per Cent None Dead Only Live and Live Per Cent 
ETHER Treated Protected' (Protected) (Protected Dead Only Number Dead 
l 598 81.5 12.4 69.1 11.0 7.8 765 85.5 
2 298 886 10.1 78.5 6.0 5.4 S84 90.6 
3 249 94.8 15.5 79.5 2.8 2.4 292 95.5 
t 248 90.8 9.3 81.5 5.2 t.0 S44 93.3 
5 250 92.0 6.0 86.0 tS 3.2 S64 94.5 
Checks 150 0 0 0 0 100.0 971 0 





Ears containing no live earworms at time of harvest 








June 1940 


Dichloroethy! ether is colorless and mixes with oil 
at once. The mixture may be applied with an oiler 
or other measuring device or by atomization. If ap- 
plied to the ears after the tips of the silks have begun 
to turn brown, or within about a week after silk ex- 
posure has begun, this mixture acts as a contact 
insecticide and kills the ear-worms in the ears. It 
also seems to repel larvae that seek entrance after 
treatment. In mineral oils ranging in viscosity from 
125-135 to 200-210 seconds, quantities of 0.7 to 1 
cubic centimeter per ear gave the best results 

The writers tested treated corn ears repeatedly 
before and after cooking f reey idence of a dichloro- 
ethvl ether residue that could be detected by flavor 
or odor. Throughout the summer and until the mid- 
dle of September no flavor or odor due to the chemi- 
cal could be noticed, although the corn was often 
eaten by persons who did not know that it had been 
treated. After the middle of September a dichloro- 
ethvl ether residue in some cooked ears was recog- 
nized by tasters. Since temperatures were relatively 


HORTICULTURAL I 


Tue Bureau of Entomology and Plant Quaran 
tine, on March 15, 1940, modified the schedule for 
fumigating balled and burlapped nursery stock with 
methy| bromide for white-fringed beetle, by per- 
mitting an increase in the size of the soil balls to 
7 inches in diameter, the shortening of the period of 
exposure to S hours, and the lowering of the tem 
perature to 65° F. These modifications were pub- 
lished in circular B.E.P.Q. 503. A modification was 
also made in the methyl bromide s hedule of Japa- 
a revision of amendment 
$99, dated March 22, 


nese beetle larvae under 
No. 1 to circular B.E.P.Q 
ovo 


Porvro tuber moth quarantine of Idaho, Oregon, 
and Washington were revised in April. The condi 
tions of certification include vacuum or atmospheri 
fumigation for infested potatoes, and are similar in 


the three States The area designated as infested 1s 


lacking as to uniformity under the three quaran 
tines 
No PEACH nursery stock growing within 500 feet 


of chokecherry plants infected with the “XX. disease 
of peach will be certified for shipment in Connecti 
cut, according to requirements established for the 


growing of pea hinthat State 


Cbwine 
bugs which appeared in the summer and fall of 1939 
in sections of Ohio, Indiana, Illinois, Missouri, Towa, 
Nebraska, Kansas, and Oklahoma, a Federal-State 
survey of suc h infestations was made in November 
and December, in 432 counties of the effected States. 
The indications are that, in the absence of unfavor- 
able climatic conditions or other influencing factors 


to the unusually large numbers of chinch 


during the winter and spring, outbreaks of chinch 
bugs may be expected in 1940 in all the above 
States. State pest-control officials estimate that 
10,646,000 gallons of creosote may be needed for the 
control of these pests. An additional survey needs to 


be made to determine the probable needs of artificial 


control 


HortTicULTURAL INSPECTION NOTES 


N 


high before the middle of September and lower 
thereafter, it is believed that a correlation exists 
between the temperatures prevailing during the 
period of treatment and the presence or absence of 
residue at harvest. It is probable that the presence of 
detectable amounts of dichloroethyl ether in corn 
harvested after September 15 was due to slower 
evaporation of the chemical in the lower tempera- 
tures prevailing at that time. Since this question has 
not been decided definitely, dichloroethyl ether in 
oil can not be recommended for earworm control in 
sweet corn at present. This brief discussion is pre- 
sented at this time, however, so that other investiga- 
tors may have the opportunity of testing the 
material under as widely varying conditions as 
possible during the coming season of earworm ac- 
tivity.5-9-40. 

Baitey B. Pepper, New Jersey Agricultural Ex- 
periment Station, and Gro. W. Barser, U. S. De- 
partment of Agriculture, Bureau of Entomology and 
Plant Quarantine. 


ISPECTION NOTES 


Secretary or Agriculture Henry A. Wallace 
signed an order on April 5 calling for continuance of 
the Federal Japanese beetle quarantine, and extend- 
ing the regulated area in Maryland, Ohio, Pennsyl- 
vania, West Virginia, and adding a single township 
in New York State. The special area from which the 
movement of fruits and vegetables by motortruck 
or refrigerator car is regulated was also extended to 
include New York City and surrounding districts, 
as well as additional area in Maryland, New Jersey, 
and Pennsylvania. Minor modifications were made 
in certification requirements. 


Tue Georgia quarantine relating to the European 
corn borer was revised April 1, 1940, to apply to 18 
entire States and the District of Columbia, and to 
three counties of North Carolina. The Georgia em- 
bargo on the entry of peppers and pepper plants 
from areas infested with the pepper weevil, was ex- 
tended to include De Soto and Hillsborough Coun- 
ties in Florida, Avoyelles Parish, Louisiana, and 
Presidio County, Texas 


Tue Michigan regulations relating to raspberry 
diseases have been reissued as Nos. 804 and 805, 
effective March 1, 1940. Two inspections during the 
growing season are still required, as well as the 
prompt eradication of infected plants. No more than 
two per cent of the plants may be infected with virus 
disease on the first inspection, and no more than one 
per cent on the second, to meet certification require- 
ments. 


\r THE urgent request of a large number of Vir- 
ginia tomato growers of six “Northern Neck coun- 
ties,’ the Commissioner of Agriculture of that State 
promulgated a quarantine effective April 1, 1940, on 
the tomato root knot nematode disease, requiring 
special certification of tomato plants shipped into 
or between these counties 








586 


Tue Bureau of Entomology and Plant Quaran 
tine, as a result of further experiments in methyl 
bromide fumigation of produce for killing adult 
Japanese beetles, has authorized a reduction of the 
dosage from 5 pounds to 4 per refrigerator car at a 
temperature of 80 degrees F., the schedule having 
heen found effective in killing beetles. This modifica 
tion is published in supplement No. 2, dated June 1, 


1940, by circular B. E. P. Q. 499 


CERTIFICATION requirements of the white-fringed 
beetle quarantine (Federal quarantine No. 72) were 
recently waived as to a number of restricted articles 
when consigned from certain areas where the in 
This modifica 


festation has been greatly reduced 
$85, fifth 


tion was made in circular B. E. P. Q 
revision, dated May 24, 1940 


FeDERAL-STATE scouting for the Egyptian alfalfa 
weevil, Hypera brunneipennis Boh., was conducted 
in the spring in 12 counties in Arizona, 16 in South 
ern California, 3 each in New Mexico and Texas, 
and 1 in Nevada. A 25-acre infestation was dis- 
covered ina date garden neur Tempe, \riz In the 
Yuma Valley, the pests were found in 34 sections of 
land, and larval spec mens were pr ked up a few 
miles away in the North Gila and South Gila Val 
leys. An extension of the Yuma Valley infestation 
was also found on approximately 7 sections in the 
Winterhaven area, Imperial County, Calif. At Bard, 
three and one-half Winterhaven, the 


weevils were found on approximately one-half se 


miles from 


tion of land 


Tue tomato pinworm quarantines of Oregon and 
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Washington were revised on May 27, 1940, to add 
Arizona to the infested territory, and to provide a 
fourth formula, atmospheric fumigation with methyl] 
bromide, under which the regulated products may 
he treated as a condition of certification The quar- 
antines are uniform as to designation of infested 
area except that Missouri is quarantined against 
in the Washington order but not in the Oregon pro- 


mulgation 


Tue pear psylla quarantine in Washington Was 
revised May 27, 1940, to extend the regulated area 
lo include 5 counties of that State and $ counties 
in Idaho. In addition to the wide range of articles 
restricted in the original quarantine of March ll, 
1940, the new restrictions apply also to grain and 
forage crops, and railway cars, trucks, and other 


vehicles 


Tut requirements for certification of seed sweet 
\labama, as 


potatoes and sweetpotato plants in 
effective 


spec ified in Regulation 23 as 
July 1, 1940, provide for inspection of the tubers 
in storage and of plants in the bed rhe presence of 
steam rot, black rot, mosaic, or sweet potato weevils 


The siaill 


reissued 


precludes certification tation provisions 


are spec ified in the order 
irantine regulations of 


1940, provide author- 
within 


Wurrre-rrincep beetle qu 
Louisiana, as revised May 1, 
itv for control and eradication measures 
designated areas, and require the inspection or treat- 
ment of restricted articles sl ipped from the regu- 
j 


lated area to points outside, or shipped from a con- 


trol area to an eradication are 








